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The structure of the reaction product of 2 -aminobe nzo-
thiazole and dimethyl acetylenedicarboxylate in methanol. has.
been determined by X-ray crystallography. The molecule
consists of an exocyclic carbonyl group and a methyl ester
group linked to an almost planar C6-C3NS-C4N2 ring skeleton,
and should be named 4-carbomethoxy-2-one-pyrimido [2, 1-b]-
benzothiazole. The sulphur atom participates in the molecular
-bonding, and bond-length variations in the tricyclic ring
system are well accounted for in terms of Huckel molecular
orbital theory.
On the basis of the structure determined for the con-
densation product, a mechanism for the reaction is proposed
which involves an initial electrophilic attack on the
imino-nitrogen atom by an acetylenic carbon, forming an
enamine with the fumarate structure. Subsequent ring closure
involving the 1Q--carbomethoxy and the amino groups leads to
the formation of the'product.
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11 . INTRODUCTION
1.1 Chemical Reactivity of Dimeth,fl Acetvlenedicarboxylate
and 2--Aminobenzothiazole
The reactions of Dimethyl AcetyleneDicarboxylate(DAD)
have been extensively studied. Numerous on its
ultility in the synthesis of heterocyclic compounds can be
found. in the l iterature o Owing to the triple bond which is
activated by the two carboxylate groups 9 DAD can undergo
In addition, DAD is a strongthe Diels-Alder reaction.
electrophile, capable of forming adducts .wiith various organi
baaes o When it reacts with amines, the primary product is











For aromatic amines and compounds containing more than one
nitrogen, the enamine can undergo thermal cycliza Lion to
heterocyclic compounds (2). When DAD reacts with a
co .ipound containing sulphur as the donor atom, the produch
may be a heio heterocvcl is compound (3)
2For example, the reaction product of DAD and thiourea 11as













Horever, it has been shown that the compound exists mainly
(4) Q .1terogens in the molecule can act as electron
as Both n
donors In transi tion metal complexes of ABT, coordination
takes place through the ring nitrogen atom in the majority
of cases (5) The lone-pair electrons of the amino-nitrogen
occupy a spa orbital which may interact with the. electrons
of the thiazole rings For the'imino-nitrogen, the lone-pair
occupies a sp2 orbital and is essentially free from inter-
actions. In view of the above, the nucleophilicity of the
two nitrogens are comparable (Kb for aromatic amines is of
order 10-10, and for pyridine 10-9) Previous reports see
to indicate that the amino-nitrogen is more reactive as a*
base(6).
31.2 Possible Reaction Products of ABT and DAD
In an attempt to gain some insight on the reaction of
DAD with nitrogen- and sulphur-containing heterocycles, the
condensation product of methyl propiolate and ABT has been
synthesised and studied by two-dimensional X-ray analysis






Unfortunately the analysis is incomplete and details of the
molecular dimensions are not available.





























4Sty uctures IV and VII will be formed if the first reaction
step is an electrophilic attack on. the imino-nitrogen the
formation of V and VIII are based on an initial electrophilic
attack on the amino-nit-.r. ogen Structures IV and V are preferred
to VII and VIII since the latter involve the strained fusion
of two, five-membered rings and the formation of exocyclic
double bonds. Structure VI is proposed in view of the 1,3--
dipolar addition reactions of DAD with pyrrocolines(8a) and
some nitrogen ylides (8b-Be)
The measured infrareds ultraviolet,nuclear magnetic
resonance, and mass spectral data can be used to rule out
structure Via but do not provide a unique distinction between
the remaining possibilities (9) An attempt was thererore
made to establish the correct structure by X-ray analysis,
which hopefully might provide some clue to the reaction
mechanism.
1.3 General Theory of X-Ray Crystallography
Interatomic distances are of comparable magnitude to
X-ray wave 1engthso This, together with the inherent period-
icity in the crystalline state, make crystals particular
suitable as X-ray diffraction gratings The geometry of
diffraction is described by Bragg's Equation (10):
5( 1 . 1 )
I n this equation , dhkj is the interplanar separation of
planes having diffraction indices is the glancing angle
made by the incident beam with a reflecting plane , and is
the wavelengthof the X - ray ,
T o facilitate the interpretation of the diffraction
pattern , a reciprocal lattice based on the reciprocal axes
a . ( i = 1 , 2 , 3 ) is defined. T his set of axes ai are related
i
to the unit cell axes a , in direct space by the relation :
( 1 . 2
I nterconversionof axes and interaxial angles in direct and
reciprocal spaces for various crystal systems can be calculated
from the relations given in V ol . II of the I nternational
T ables for X - R ay C rystallography' s ( 1 1 ) o T he diffraction
vector S defined by S = is normal to the
planes . ( hkd ) and has a magnitudeof ' T / dhkta T o make use of .
S in the interpretationof diffracting patterns , we can
refer to F igure 1 . 1 . T he sphere of reflectionis constructed
with its centre C lying in the direction of the incident
X - ray beam and at a distance of 1 reciprocal lattice unit
from the crystal unit - cell origin 0 . W henever the end of
a S vector ( i . e . a reciprocalattice point with indices hk







F igure 1 . 1 D iffraction in reciprocal lattice
represented by S will satisfy the reflection condition . T he
direction of the reflected beam is given by CP in the figure
B y rotating the crystal ' about an axis , various recipcocal
lattice points may be brought into reflection . T he limiting
sphere with its centre at the origin and a radius of 2
reciprocal lattice units will include all the possible
reflections for any chosen wavelength ,
T he intensity of a reflection is related to a quantity
called the structure factor , F hk , which is the sum of all
the wavelets scattered by volume elements V dxdydz within
the unit cell .
( 1 . 3 )
o o o
where ( x , y , z ) is the electrondensity at the point with
plane
hkl
fractionalcoordinates( x , y , z ) o I n particular, ii we assume
the electrons to be concentratedat the centre of an - atom
we can write
( 1 . 4 )
where f is the scatteringfactor of the jth atom . T he
scattering factor varies with sin due to the fact that
real atoms occupy appreciable volumes instead of being just
points 0 V alues of f . are . tabulated for different wavelength
and atoms in V ol 0 TII of the I nternationalT ables for X - - R ay
C rystallography1 2 ) 0 A nother factor which influencesf j
uenxes f
is the thermal vibration of atoms in crystals 0 T he effect
of such motion is to reduce f . by a factor qh which is
also a function of sineh I n computing the structure
factors , this term q should be included g
T he electron density in a crystal is a periodic function
and can be representedby a three - dimensionalF ourier series :
( 1 0 5 )
S ubstitutionof ( 1 0 5 ) into ( 1 0 3 ) gives
( 1 o 6 )
T he triple integral vanishes for every term in the summation
except for the one with hl = - h , k ' = - k which gives the
result :
8( 1 . 7 )
S ubstitutionof ( 1 . 7 ) into ( 1 . 5 ) yields
( 1 . 8 a )
( 1 . 8 b )
W hen the structure factors are known , a three - dimensional
F ourier synthesis can be carried out to locate all the atoms
as electron density maxima in the unit cello H owever , as
noted in equation ( 1 4 ) , F hke are actually complex quantities.
T he structure magnitudesF hke I can be found from the measured
intensitiesof the reflections, but the phase o C hk L are lost
T his gives rise to what is known as the P hase P roblem " .
V arious methods have been devised to determine the phases
for the individual reflections from a knowledge of the magnitudes
of the structure factors . T hey can be classified into two
main categories : the indirect and direct methods ,
T he indirect methods make use of a P atterson map which
is computed according to equation ( lo 8 but using real
F hk 2 = F * hk as coefficientsinstead of the phased
F hk F rom the P atter son map , pieces of informationcan
be gathered which may eventually develop into the full
9
structure. Solution by the direct method is usually used
when no heavy atomssre present in the structure. The direct
method depends solely on mathematical relationships and
probabilities a set of several solutions generally emerges
and the correct solution can be chosen by various criteria and
chemical reasoning.
As a model of the structure becomes available, its
correctness can be tested by the reflection-to-reflection
.agreement between the observed and calculated structure
factors, A term called the residual index (al so known as
the reliability index), defined by
is generally used as a measure of the precision of the
structure determination. For a..well-behaved correct structure,
the value of R should be around 0.1 or less depending on the
quality of the intensity data.
In the solution of the present problem, use was made of
the direct and indirect methods o It turned out that the
direct method was most successful in the structure analysis.
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2. SYNTHESIS AND CHARACTERIZATION OF THE COMPOUND
2.1 Preparation of the Crystalline Sample
The reaction product between DAD and A BT can be prepared
simply by mixing the reactants in a 1:1 molar ratio.
ABT was purified by'recrystallization from a 1:1/benzene:
dichloromethane mixed solvent. After several recrystallizations,
the compound was recovered as silvery white plate---shaped
crystals with melting point 124-125 C. 2.3 gm of this compound
was dissolved in about 40 ml of methanol. 2.3 gm of DAD,
a liquid, was added dropwise to the solution with vigorous
stirring. The solution was allowed to stand in the dark
under nitrogen atmosphere. On the fourth day, a massive
crop of crystals was obtained giving a yield of about 92
The product after recrystallization from methanol was yellow
and needle-shaped, with melting point 183-185°C. The density
of the product as determined by the flotation method in
potassium iodide solution was 1.518 gm/cc. The following
CHN-analysis data were obtained:
Experiment Calculated
Element (wt..%) (wt 3%)
Carbon 55.30% 55.380
Nitrogen 10°57% 10.76%
Hydrogen 2.86% 3. 10 °a
11
T he calculatedvalues conformto the formulaC l 2 H 8 N 2 0 3 s as
proposedin S ection 1 . G ood - agreementbetween the resul L s
justified the proposed formulae
9 0 2 S pectroscopicD ata
T he spectroscopicdata for the purified product were
recorded and
( i ) I nfrared
W ave number( cm - 1 ) interpretation
1 7 2 5 es ter carbonyl
1 6 5 0 amide carbonyl
1 3 6 5
methyleneC - - - H stretch
1 2 8 0
aromatic amine C - N stretch
1 2 4 0
ester C - O stretch
7 3 0 - 7 7 0
4 adjacent aromatic pro tons
( ii ) U ltraviolet
C iii ) N uclear M agnetic R esonance
C hemical S hifts N o . of P rotons I nterpretation
4 0 0 2 3 ( singlet)
ester methylene protons
6 0 0 5 1 ( singlet)
vinyl proton
7 0 3 5 4 ( multiplet)
aromatic protons
interpretated as follow :
12
These data are consistent with structures IV, V, VII,
and VIII shown on page 3.
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3 PRELIMINARY EXAMINATION OF THE CRYSTAL BY X-RAY DIFFRACTION
3.1 X-Ray Equipment and Materials
The equipment used consists of Philips PW1008 and PW1120
X--ray generators, fine-focus tubes with copper anode, and
SIC-6e non-integrating Weissenberg cameras, Kodak No-Screen
Medical X-ray films were used in crystal alignment and unit.
cell determination, and Ilford Industrial G films were used
rnr the collection of intensity data.
3.2 Crystal Data
Single crystals for X-ray analysis were selected from
samples grown in a dilute solution of the compound in methanol.
The crystals were needle-shaped and well-developed on the
(012) face.
A crystal of dimensions 0.7 mm(needle axis) x 0.16 mm x
0.19 mm was mounted along the needle axis which was later
indentified as the a axis. Another crystal of dimensions 0.37 mm
x 0.24 mm x 0.43 mm(needle axis) was initially mounted along
.a face diagonal of the cross-section perpendicular to the
needle axis this crystal was subsequently oriented to rotate
along its b axis. The space group was determined from
14
rotation photographs and O k , and hl W eissenberg films
unit - cell dimensions were determined from high - angle reflections
on O k and h O W ei ssenberg photographscalibratedwith super - -
imoosed sodium chloride powder lines and refined by a least -
squares computer program .
T he linear absorption coefficient of the crystal wa :
1 3 )
calculated from the equation
where , d = density of the crystal ,
( PIP ) = mass absorptioncoefficient( l 4 ) , and
P = percentage by weight , the subscript denoting the
type of element .
T he optimum thickness of the crystal for diffraction
use can be calculatedfrom the relation ( 1 5 )
and has the value O . 8 m
T he crystal data are summarizedas follows :
F ormulaC 1 2 H 8 N 2 0 3 S , molecularweight= 2 6 0 0 2 8
M onoclinic, a = 4 4 0 8 l ± O . OO5 OA , b = l 3 c 6 8 ± 0 . 0 1 OA ,
c = 2 0 o 3 7 ± 0 . 0 2 A , = 9 0 o 4 4 ± 0 . 0 5
V olumeof the unit cell : V = 1 1 3 4 3
D ensity: calculated( with Z = 4 ) = 1 . 5 2 4 ,
measured= 2 1 5 1 8 ± 0 . 0 0 5 gm / cc
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A bsorptioncoefficientfor C u K , d radiation: a = 2 5 cm - 1
T otal numberof electronsper unit cell : F ( 0 0 0 ) = 5 3 6
S ystematicabsences: h O with odd , O k O with k odd .
S pacegroup: P 2 / c ( C 5 2 h )
1 2 h
3 0 3 C ollectionand M easurementof I ntensity D ata
T he O k - 3 k and h O - h 1 3 levels were recordedon W eissenberg
photographswith filtered C u K radiation , and the multiple -
film technique was used to correlate strong and weak reflections . ,
T he intensities of the reflections were estimated by visual
comparison with a calibrated strip prepared by exposing the
crystal 3 0 times on a film , the time for each exposure being
some multiple of the shortest exposure . T he relative intensities
measuredranged from about 3 0 , 0 0 0 to 1
3 . 4 D ata R eduction
T he observed intensity I hk for a reflection is proportional
to the square of the structure factor . T he relationship
depends on a number of factors , primarily geometrical in
nature :
where L is the L orentz factor which arises from the difference
in time required for reciprocal lattice points to pass through
16
the sphere of reflection, p is the polarization therm which
arises from the difference in reflection efficiency for
different reflection angles, and K is the constant of
proportionality
In general, the term 1/LP can be expressed as (16)
where is the reflection angle, and is the angle of equi-
inclination.
A spot-shape correction term, such that Ic= Io (where
Io= measured intensity, Ic= corrected intensity) is required
for non-zero level Weissenberg.photographs. This factor
can be estimated from an equation due to Philips: (17718)
where Rl = camera radius,
R2= X-ray source pinhole to crystal distance,
= the distance in reciprocal lattice units of the
level under consideration from the zero level, and
= the distance in reciprocal lattice units of the
point from the net origin.
The measured intensities on multiple-11-ilm sets of the
individual levels were scaled and then corrected for Lorentz-
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polarization factors and spot-shape variations using a se
of data reduction computer programs. Absorption correction
was considered unnecessary and extinction effects were
neglected. Finally a set of scaled structure amplitudes
were derived using the least-squares procedure of Hamilton,
Rollett, and Sparks(19) for interlayer correlation. The
data of ter reduction consisted of 1931 independent reflections
of measurable intensity and 593 unobserved reflections.
3.5 Patterson Snthesis
Since only the magnitudes of the s vructu.re factors are
available from the experimental data, the phase angles
associated with the individual reflections have to be deter
r ined by some other means before the structure can be solved.,
it was pointed out by Patterson(20) that a Fourier series
summed with real as coefficients can be of great
value in phase determination. The Patterson synthesis
gives a distribution of peaks corresponding to all the inter-
atomic vectors in the unit cell, each peak height being
proportional to the product of the.electron densities of a
pair of atoms. If a heavy atom is present in the molecule,
peaks corresponding to interatomic vectors between the heavy
atoms in the unit cell will stand out aoainst the backoround.
By considering the space group symmetry of the cry-stal,the
positional parameters of the heavy atom can, be determined.
Since the heavy atom predominates the phases, the structure
factors are phased according to the coordinates of the heavy
atom. A Fourier synthesis can then be carried out to locate
other lighter. atoms. After a crude model is established,
the structure can be refined by various methods.
3.6 Analysis of the OkQ Data
In the present problem, sulphur was considered as the
heavy atom v A Patterson map (Figure 3.1) projected along
a, the shortest axis, was computed using the Gke r eflecti ons.
The sulphur-sulphur peaks could be identified as A,B,C in
the quarter cell with A .as the (2y, 2z) peak j from which the
coordinates of the sulphur atom were deducted as (y=00187,
z=0,095). It was suspected that the sulphur atom might not
be "heavy" enough to predominate the phases of the structure
factors and an attempt was therefore made to locate more
atoms for the phasing model.
Assuming the molecule to be planar, a ball-and-stick
skeleton as shown in the following figure was constructed
on a suitable scale,









0 1 2 3 4 5A
o
2Since the a axis is only 4A long, the normal to the molecular
plane can incline from it by no more than 30°. From a
consideration of the peaks in the Patterson map, it was
concluded that the molecule should lie with its short axis
approximately parallel to b0 With the orientation thus roughly
determined, 8 trial structures which are 2 sets of mirror
images differing from one another in location and only slightly
in orientation were postulated (Figure 3.2). The 8 sets of
calculated Ok structure factors with their corresponding R
indexes are listed as follow:
Trial structure R Trial structure R
1 0.79 5 O.86
2 O.81 6 0.81
3 0.82 7 O.79
4 O.78 8 0.82
The R values are unacceptably large, indicating the
presence of serious errors. Probably the position of the
sulphur atom had been wrongly assigned.
At this stage the complete set of scaled three-dimensional
intensity data became available. Instead of proceeding with
Figure 3.2 Unsuccessful trial structures















3 is the mirror image of 1 in y= 0.187 4 is the mirror image of 2 in y= 0.187
5 is the mirror image of 1 in z= 0.095 6 is the mirror image of 2 in z= 0.095
7 is the mirror image of 3 in z= 0.095 8 is the mirror image of 4 in z= 0.095
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the computation of a three-dimensional Patterson map, it
was decided to tackle the phase problem via the direct method.
23
4v STRUCTURE DETERE DETENATION BY THE DIRECT METHOD
4.1 Introducction
As stated previously, the main problem encountered in
structural determination by X-ray diffraction is the allocation
of correct phases to structure factors. Direct methods solve
this problem by purely mathematical means. For any given
space group, various relationships exist between structure
f actors and the probability of a relationship being true can
be estimated as a function of the magnitudes of the related
structure factors Starting
with a few known phases probable
p bases for other structure factory can be determined by reoae ted
application of these relationships. Direct methods have the
advantage of being more objective than indirect methods. once
the initial step has been taken, a set of explicit procedures
can be followed and the structural determination process becomes
a routine which may be taken up by electronic computers. For
centrosymmetric structures, the phases are limited to 0 or
and the application of direct methods is much simplified. The
discussions that follow Will be more or less limited-to the
simpler centrosymmetric case.
4.2 Structure Invariants
In a centrosymrnetric space group, the origin is chosen Lo
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coincide with a centre of symmetry. For a primitive unit cell
thei e are eight centres of sy mmetry with coordinates 0, 0, 0
0, 1/2,1/2; 1/2,0,1/2;1/2;1/2,0;0,0,1/2;1/2,1/2,1/2, and any One
of these may be arbitrarily chosen. Transforming from one
choice of origin to another changes the sign of some of the
structure factors but not their magnitudes. As an example,




Thus for the new origin, a sign change occurs whenever h is
odd 0 The effect of changing the origin on reflections be-
longing to different parity groups is tabulated in Tab1a 41 0
As evident from the table, the values of certain classes
of phases or linear combinations of them are independent of
the choice of origin. These phases or their linear combinations
are called structure invariants.. In the present example, the
phases with indices h,k,e all even are structure invariants
linear combinations of phases belonging to the parity group
2
Table 4.1 Sign relationships for possible origins
+= no change in sign-= a change in sign
e= even o= odd: the indices arm in the order hk
Indices parity
Origi








eee(i.e. hi, ki,andei all even) are also Structure in-
variants. Structure, invariants cannot be assigned values
arbitrarily, but those phases which are or igin-dependent can
be allotted values so,as to define the origin, For the space
group P2 1 /c, phases can be arbitrarily assigned to 3 reflect ions
in 3 different parity groups 'for origin specification provided
linear combinations of these phase-s are not strut tore invariants
The general analysis of origin and enantiomorph definition
is a complex problem and useful information for various space




4.3 Normalized Structure Factors
The amplitudes of structure factors decline quite rapidly
with increasing angle. For convenience of manipulation in
direct methods, a quantity called the unitary structure factor
is defined(22)
where N is the number of atoms in the unit cell, and fi is
the scattering factor of the ith atom. Consequently Uhke
lies between the values of -1 and 1 and has the same phase
as Fhke, and it can be shown that the average values of U2
is given by (23)
In practice, it is more convenient to use the. normalized
structure factor Ehk , defined o (24)
which is equivalent to
where E=1 generally and takes up other integral values for
some of the one- and two-dimensional subsets of reflections
in the spaceroup. A list of E values can be found for
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various space groups and reflections classes in the "Inter
national Tables for X--Ray Crystallography" (25) The E's
obviously have the same phases as the corresponding F's and
U's they are mathematically convenient for use in probability
calculations since they allow the normalization of all classes
of reflections to a common basis
4. Pjasw Determining Formulae
(1) Harker-Kasper Inequalities
The earliest attempt to soave the phase problem by direct
methods is the application of certain inequality relations
(26)AtypicalexampleistheHarker-Kasperinequalityrora
structure having a centre of symmetry:
When both unitary structure factors have appreciable mag-
nitudes, the sign of U2h, 2k, 2e must be positive for the
inequality to holdo Further inequalities have been derived
for other' symmetrie'so However, such relations are applicable
only to structures of limited complexity(27)
(ii) Sayre's Sign Relationships




where S (h), S (h') and S (h+h') are the signs of the structure
factors Fhke, Fh' k, e' and Fh+h', k+k,e+e respectively (here
h is written as a short form of the indices). The structure
factors involved in this relation must have large magnitudes
if the magnitudes are not large enough, the equal sign should
be replaced by., which means probably equal. to
A quantitative estimate of the probability of this sign
relationsafnshi beino true has been derived by Woolfson(29)
In certain cases when the-e exist several pairs of known Uh,
and TJ h+h' for a particular value of h, a more reliable
relationship holds:
with the probability that U. being positive given by
Used in conjunction with the inequality relationships,
successful solutions to some structures of moderate complexity
have been obtained by the application of the. sign relationships
(31,32).
(iii) Symbolic Addition Procedure
For centr Osymmetri.c space groups, the formula. which proved




where is the atomic number of the j th atom 0
I n applying these formulae , an inital set of ralatively
few structure factors W i th known phases is resuired T his
can be obtained by the application of the formula and
1
the arbitrary assignmentof phases to fix the origin c I n
addition to - these , symbols may be assigned to certain phases
which appear in many phase rel ationshipso O nce the star t _ ng
set is selected , phases for other reflections can be generated
through the applicationof the L 1 2 relationship, A t first ,
phases for normalized structure factors with large magnitudes
are accepted since they have a higher probability of be . ng
correct , and ' a F ourier map calculated from them should give
good resolution of the atomic positions . , N ext , the symbols
are assignedvalues ( 0 or ) giving rise to a total of 2 n
possible sets of phases where n is the number of symbols used ,
F inally , the correct set of phases leading to a chemically
30
reasonable Fourier map can be chosen according to various
criteria.
deter-This method was employed in the present Structural
mination and a brief description of the procedure followed
is outlined.
4.5 Solution of the Crystal Structure
The observed structure amplitudes Fo were first converted
to E using the equation:
where fi,fo represent respectively the scattering factors
of the ith atom with and without thermal attenuation The
scale factor A and parameters B and C(found to have the values
4,15 and 1.85 respectively) were obtained by a least-squa, es
fit of the intensity data to a "K-curvets"(35) using a Fortran IV
program written for this purpose. The statist cal properties
of the normalised structure factors thus obtained are compared
with theoretical values for the centrosymmetric case(36) in
Table 4.2.
A Fortran IV program was next written to carry out the
symbolic addition (37) procedure in space group P21/C. The
program consumed considerable computing time a large portion
31
Table 4 ,2 Comparison of experimental and theoretical averages














being spent in searching for the triples or reflections
required by the 2 formula, The phasing process was well
under way when it was considered worth saving valuable
computing time by switching over, to the automatic program
MULTAN (38), which had just been put into operation at the
Chinese University Computer Services Terminal
For the 328 normalized structure factors of values greater
than 1.5 used as input to MULTAN, 1,000 phase relationships
were set up. Reflections (1,1,15), (2,3,5) and (3,1,16) were
assigned phases of 0 which fixed the origin uniquely, The
phase for reflection(4,6,10)was determined as 0 by the
p
Formula with an associated probability of 0,9986 and was
32
accepted as correct, Two reflections,(0,1,18) and (4,1,14).
were assigned symbols since they were involved in many phase
relationships. From this starting set of 6 phases, phases for
308 reflections were determined, and 4 self-consistent .sets
were obtained corresponding to the 2 symbols used. The
absolute figures of merit (38) as calculated by the program
for the 4 sets were 0.8483, 10997, 1,1863 and 0°8768 respect-
ively, The set with the highest figure of merit was used to
generate the E-map. As it turned out, among the 308 determined
phases in this set, only two proved to be incorrect.
4.6 The E-Map
A three-dimensional E-map was computed by a modified version
of the Fourier program FORDAP C 39 for one quarter of the unit.
cell (x from 0 to 1, y from 0 to%, z from 0 to%) and plotted
in sections making use of a stack of glass plates, The 19 most
intense peaks were located and all non-hydrogen atoms in the
molecule were identified by chemical reasoning(Table 4.3).













Table 4.3 Fractional coordinates and interpretation of the
19 most intense peaks (listed in decreasing order
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*spurious peak
Figure 4.1 Projection of the 19 most intense peaks located from
three-dimensional E-map along [100]
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The assignment of the 0(2) position deserves oornmefl.
Two peaks of nearly equal intensity appeared in the neigh
bourhood of C(11), but the less intense one was taken as
0(2) from a consideration of the C(il) -0(2) bond distance and
the planarity of the carboxyl group.
4.7 Two-Dimensional Fourier Synthesis
As the a axis is rather short, a two-dimensional Fourier
ions shouldsynthesis using only the observed OkC reflect
reveal the structure quite, clearly. The phases were calculated
with the atomic coordinates obtained from the E-map with a
change of origin to An overall temperature -factor s
of 3.0 R was used o The R index between the observed and
calculated structure factor s was 0 4l,
The Fourier map was well-resolved as sho ,m in Figure 4, 2
and all the atoms were readily identified from their respective
peak-heights ,n More accurate (y, z) coordinates of the atoms
(Table 4 . 4) were redetermined from the electron-density maxima
ccording to Booth's analytical method 40)a in which the
electron distribution of an atom is assumed to have the form
where a and b are parameters and. x is the distance from the
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o
Figure 4.2 Electron density projection along [100]
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Table 404 Fractional coordinates of the atoms used in refinementG
Values in parentheses indicate shifts from positions













001504(000860) 001251(0Q0039)C(6) 0 0086
O. 3122(000048) O.07l4(OoOO36)O.2O3C(7)








that the E-map gave essentially the correct structure.
The new (y,z) atomic coordinates, together with the x
parameters obtained from the E-map, were used in the next
refinement stage.
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5. THREE--DIMENSIONAL STRUCTURE REF INENIENT
5.1 The Method of Least Squares
An observational variable b can be expressed as a function
of the parameters x ,x20.,,xn and the variables a1a2,...ap
(p may not be equal to n). If m (mn) observations on b
corresponding to different values of the variables ais are
made, a set of m equations is obtained:
bi= f(x1,x2 xn,a1,a2 a), i= 1,2 m (5.1)
which can be solved for the xi values. However, the solution
will not be unique since mn, and a criterion has to be set.
in order to obtain the best set of xi' s e in the method of
least-squares, the best set of xi' s is taken as the-one which
minimizes the sum
(5.2)
where w i is a weighing factor depending on the accuracy of the
ith observation on b, boi the ith observed value, and bi the
ith calculated value of b
In crystal-structure determination, the function to be
minimized is
(5.3)
where Foi is the ith observed structure factor, r c. is the
ith calculated structure factor, and the summation is taken
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over all the observed reflecLions.
The parameters to be determined are the coordinates and
temperature factors of the atoms, together with the scan e factor
for the Fci's. Since Fcy is not linearly dependent on the
parameters, the calculations involved will be quite laborious.
To simplify the problem, the structure factors are expanded
in a Taylor series about an initial set of parameters which
are close to the ture values:
(5.4)
where Pj are the parameters, Pjo are the initially assumed
values of the parameters, and all the|Fci|o's and their
derivatives are evaluated at the P. Is. Provided Pjo' s are
close enough to the Pj's, Pj (=Pj-Pjo) will be so small that.
terms containing higher powers of them can be neglected.
Minimizing (5.3) with respect to each Pi gives a set of m normal
equations:
(5,5)
Substitution of (5.4) into (5.5) yields:
(5.6)
where
and these m equations can be solved for the △ Pj's.
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new set of P y. can then be obtained from P'ji= pjo+pj.
jo jo jo
With this set of Pao' s as a starting set, the process can be
repeated until finally the Pj' s are small enough and the Pjo 's
in two consecutive cycles do not change significantly. The last
set of P. is accepted as the best fit to the parameters.j0
When referring to the normal equations it is more convenient
to express them in matrix form:
where A is a square matrix of order m, with elements ajk given
b y
X is a row matrix with elements xj.
J
V is a column matrix with elements
5.2 Refinement of the Crystal Structure
The positional parameters listed in Table 4.4 for the 1S
non-hydrogen atoms were used as the starting set. All atoms
were given the same isotropic temperature factor of 3.582
except for sulphur which was assigned a value of 3.082. The
scale factor was given an initial value of 1.0. The weighing
scheme used was that due to Cruickshank et al.(41); with
-1
wi=(2Fmix +Fi+2F2oi/F-1) where F =1.0 and Fmax=145.0.i min oi of max min max
The first few refinement cycles were carried out using a locally-
developed block-diagonal least-squares computer program. In
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this type of refinement, the correlation between parameters of
diffferent atoms is neglected, i.e.ajk=0 if Pj and Pk re
parameters of different atoms. The R value dropped rapidly to
0.19 for the 1931 observed reflections. after 3 cycles. The
full matrix least-squares procedure using a locally-modified
version of the computer program LALS(42) was then applied and
R dropped abruptly to 0.13. At this stage, six of the atoms:
3, 0(1), 0(2), 0(3), C(11), C(12) were given anisotropic tem-
perature factors since they were assumed to have greater degree
of freedom. One further cycle of refinement led to a R value
of 0011,. Due to program size limitation, other atoms could not
be varied anisotropically
However, further refinement was attempted by the introduction
of ring hydrogen atoms. Instead of locating the hydrogen atomic
coordinates from a difference map, they were simply 'generated'
using a computer program based on an algorithm similar to that
C
given for the C-C-H group by Rollett (43) The C1-H bond direct-
C
ion was taken as the exterior bisector of the C2-C1-C3 bond
angle, and bond lengths were assigned values of 1.08A for
aromatic and 1a07A for vinyl hydrogens. Inclusion of five
hydrogens with the same isotropic temperature factor of 6.0 A 2
in a further cycle of refinement yielded a final R value of
0,099, The parameter shifts were small as compared to the
respective standard deviations. The final set of calculated
43
and observed structure factors are listed in Appendix I,
5.3 Atomic Positional Parameter:
The atomic positional parameters are given in Table 51 with
standard deviations calculated according to the equation:
here bjj is the j th diagonal element of the inverse matrix
J
DIE A. m the number of observations, and n the number of parametes
5.4 Thermal Para peters
The effect of atomic thermal vibrations in crystals is crystals is to
reduce the atomic scattering factors by a factor qn, which is
the transform of a smearing function, t0 The smearing function
can be expressed as:
where U=u-2 is the.mean square amplitude of vibration in the
direction xa In the isotropic case, the transform of t(x) is
where B= 82-2 is the isotropic temperature factors For an-
isotiopic vibrations
here Bij. are the anisotropic temperature factor, The component
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Table 5.l Atomic positional parameters with estimated standard




S 3548(4) 1782(1) 2384(7)




NC1) 2129(9) 2438(3) 1221(2)
N(2) 4904(11) 3557(4) 194-3(2)
C(1) 1402(13) 1017(4) 1840(3)





-11 60 (13) 1007(4) 0769(3)
C(6) 0735(12) 1476(4) 1235(2)
C(7) 2147(12) 3115(4) 0719(2)
C(8) 3282(14) 4022(4) 0833(3)
C(9) 4784(15) 4283(4) 1470(3)
C(1C) 3601 (12) 2718(4) 1808(2)






Table 5. 1 (continued)
-0220 0542H(3) -3 2 3 8
-1753 0 335H(4) 1348
04543049H(5) 4571
of the symmetric tensor U are given by byij= Bij /82, and
can be found for any direction.(1,2,3,) from(45)
the surf ace of constant scattering power is thus an eel ipsoid o
for the alisotropic q is46)
knother form of expression for the anisotropic isqhke
where the thermal parameter is equal to ij i j= 2 Uij ai. aj
ij jij iji
The equivalent isotropic temperature factor has been defined
(47)
In the LALS program the thermal parameters are handled in
the form B. o These have been converted to the correspond.ng
i
Uij andij and the results are displayed in Table 5.2.
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Table 5.2 Thermal parameters(Bij and Uij are in units of A, with estimated




5.1 40.07(04) 0.23(05)6.61(08) 3.44-6(05) 0.29(05)-S Bij 5.34(07)
-0.0009 0.00300.0438 0.00370.0838Uij 0.0670
0.00020.00020.0021 0.00130.00880.0800
ij




0.75(16) 0.43(14)- ,0* 51 (14)
0(2) Bij 6.84(21) 5.86(19) 5.59
-0.00650.00554,08(16) 0.0517 0.00960.0867 0.0742U.
ij
0-0.00050.0078 0.0025 0.00340.1027 0.0013
13ij
-0.22(130(3) Bij 0.37(14) 5.355.88(19) 6.30 (21) 3.88('15) 0.55(15)
-0.00280.0744 0.00460.O491Uij 0.0798 0.0070
-0.00070.0025 0.00030.0882 0.0084 0.0023
/i
-0.29(19)C(ii) Bij 0.47(17 4.7 20.22(18)5.01 (23) 5.29(23) 3.87(20)
-0.0037Ui. 0,0634 0.0670 0.0490 0.0059 0.0028
0.0 0.0071 0.0013 0.00140.0023 0.0002
751
-.0.17(21 6e40C(12) Bij 0.48(22)7.07(33) 8.43(37) 3.70(21) 0.14(27)-
-0.0022uij 0.00610.0895 0.00180.1068 0.046.9
ij







N(1) N(2) C(1) C(2) C(3) C(4)
B
-2U
4.21(07) 5.45(09) 4.73(09) 5.64(11) 5.70(11) 5.50(11)
0.0533 0.0690 0.0600 0.0715 0.0721 0.0696
Atoms
(isotropic)




4.96(10) 4.32(09) 4.50(09) 5.43(11) 5.54(11) 4.65(09)
0.0628 0.0547 0.0570 0.0687 0.0702 0.0589
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6. CRYSTA AND MOLECULAR STRUCTURE
6.1 Molecular Goomery










and it should be named 4-carbormethoxy-2-one-pirrido [2,1-b]
banzothiazole according to IUPAC rules. and tie enumeration
of one fused ring system in the Ring index
The interatomic distance between two atoms with fractional
coordinates (x1,y1 zl) and (x2,y2,z2} can be calculated ac-
where a, b, c and ot, are the cell constants and px= x2-x1,
Gtr y2ryl' Gz= z2-z1 G The corresponding standard deviation
(e) can be estimated from
where 6l and 62 are the standard' deviations in positional
pay: ameter s for atoms 1 and 2 respectively
The bond angle between two bonds 12 and e23 can be cal
cul aced from the law of Cosines:
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with standard deviation
The calculated bond distances and bond angles for the
named compound and their standard deviations are summarized
in Table 601 and illustrated in Figure 6o1.
(i) Ring Skeleton
The planarity of the molecular l s,{ele ton gas first tested
by finding the sum of the interior angles inside each of the
three fused rings o The sums of angles about ring- j unction
atoms as well as the carbonyl carbons were also calcu? aced
The results are summarized as follows
Ring System Theoretical values
Angle sum
or atoms orlanar stucture
719.9°Benzene ring 7200
539.9°Thiazole ring 5400








['able 6. 1 Bond lengths (in R) and bond angles (in degrees), with
estimated standard deviations in parentheses

























































































Figuer 6.1 Molecular dimensions.
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As is evident from the good agreement between obset ved and
theoretical values of the angle sums 7 the molecular skeleton
is nearly planar.
A least-squar plane through a group of atoms can be fount
by minimizing the sum mEdm2 where dm is the deviation of the
mth atom from the plane. This method(49) when applied to the
three fused rinds in tha molecule yielded the followinq result
Benzene RIng
Plane eauation:
008396X'- 003787Y'- 003894Z'= -1.5247
Atom-to-plane distances (in )
C(3) 0.009C(2) -O.007C(l) -0.005
C(5) -01015 C(6) O.O16C(4) 01,002
ThiazlLe Rina
Plane equation:
008683X'- O o 3542Y'-- 003472Z'= -13282
Atom-to-plane distances (i n X):









-0.014 -O.OO7C(7) 0,033 C(s) C(9)
C(l0) -0.005
in the above equations the plane constants refer to a set
of orthonormal vectors oriented along a, b, and C* The
atomic coordinates X',Y',Z' in a are found from the corresponding
fractional coordinates referred to the crystallographic axes:
X'= axsin
Y'= by+ axco s)
Z'= cz (1-cos2 of -cos2
-cos+ 2cos o cos,g cosh) /sin
Application. of the testy showed that none of the three
rings is rigorously planar within experimental erroro The
dihedral angles between the mean planes of the three rings




The least-squares plane for the 14 non-hydrogen atom
excluding the methyl ester group is:
0.8654X'-0.3507Y'- O .3578Z'=-1.4032
Atom-to-plane distances are (in A):






C(3) -0.048 C(4) -0.082 C(50) -0.061
C(6) 0.038 C(7) 0.133 C(8) 0.015
C(9) -0.053 C(10) 0.029
The deviations of individual atoms from this plane(F igure
6.2) clearly show that the molecular skeleton is significantly
warpedo The normal to the ring skeleton is inclined by 30.1°
to the a axisc The carboxyl group is not conjugated with the
ring skeleton as the two planar groups make a dihedral angle
of 56°(Figure v. 3).
( ii) Bond Distances and Ang1esc
The two C-S bonds in the thiazole ring have values inter-
mediate between C-S(single bond)=1.809A(51) and C-S(double
bond)-I.556A (51) but are longer than the C-S bond of 1.714A
in thiophene (51) Some double-bond character, though not as
significant as in thiophene, is certainly present in the C-S
bonds in the thiazole ring. The measured length of 1.753A
for the C(1)-S bond compares well with the values 1.759
found in 1,4-bis(N-ethyl-122-dihydrobenzothiazol-2-ylidene)
tetrazene (52) (IX) The C(10)-S bond measuring 1.737A is also


































































The C-S-C bond angle of 91° agrees well with values determined
for ohter benzothiazole systems(54). obiously the p orbitals
of the sulphur atom play an important role in the bonding
scheme
The C(6)-N(1) bond length is 1.434 ,shoter than usual
C-N single bonds of length 1.47 (55), but longer than ordinary
C-N bonds in benzothiazoles(54). The lengthening may be at-
tributed to angle strain, Being the bridge between two six-
membered rings, the C(6)-N(1) bond suffers most severly form
this effect, wich casuses signifcant lengtherning of the bond
In contrast, the C(10)-N(2) bond in the pyrimidine ring has
the value 1.294 characteristic of C-N double bonds(55). Other
C-N bond distances in the molecule have values close to 1.38 ,
wich is intermediate in legth between single and double C-N
bond and theredore indcative of a high degreeof -bonding
The short C(10)-N(2) and C(7)-C(8) bonds, togetther with the
pattern of bond-length and bond-angle variations in the
pyrimidine ring, reflect the "quinonoid" character imposedd
on the ring by the carbonyl group and the bridging nitrogen
58
atom as suggested by the valence bond structural formula:
The dimensions of the benzene ring are in good accord
with those in similar structures. The exocyclic C=O bond
distance is normal 56), as are dimensions of the methyl ester
the C(7)-C(11) bond of 1,514A approachesgroup (57) . However, THE C(7)-C(11) BOND OF 1.514A approaches
2
the natural sp2--sp2 bond length as proposed by Mulliken (58)
and provides additional evidence for the lack of conjugation
of the ester group with the main skeleton of the molecule.
3.2Intermolecular Distances and Packing in the Crystal
All intermolecular distances between adjacant molecules
under 4.A are shown in Table 6 2 and Figure 6.4, The non--
bonded intramolecular distances are also illustrated in the
fiyure0
A A
Symbols and symmetry code
b -x -y -z C -X 1-Y -Za x y z
--x y- 1/2 1/2-Zd -x f x 1/2 1/2+ z
g 1+x y Z
Inter molecular distance
C(3a)-0(2b) 3.55X C(4a)-0(2b) 3,30A 0(la)--C(l2c) 3 34
C(8a)-0(3c) 3e89 C(3a)-N(2d) 3.77`'A C(2a)-41(2e) 3 .50
C(la)-O(le) 3c34-q S(a)-O(le) 3 0148 S(a)-C(12f) 3, 75
This is not ii 4.us trateo in Figure 6.4
y-1/2 1/2-z
*o(2a)-c(12g) 3.31A
















*this is C(3a)-N(2d) distance
figure 6.4 Non-bonded inter-
molecular and intntramolecular
distances under 4




rill .intermolecular distances correspond to normal van der
Waals separation except for the 0 (1e) -S (a) distance of 3.148
which is slightly below the usual values of 3.31. This is,
however, insignificant according to Cruickshank's criteriaC59)
(,/(= 2 .7). Appreciable intramolecular interaction is suspected
in view of the short C-O intramolecular distances shown in
Figure 6.4. These rather short intramolecular distances may
be due to crystal packing forces. To avoid crowding with
the C(12g) atom, the planar carboxyl group tilts towards the
molecular skeleton by 34° from its idealized perpendicular
orientation, resulting in a little conjestion with the ri.ng
atoms. The orientation of the ester group relative to the
ring skeleton can be seen quite clearly in a view of the
molecule along [001] (Figure 6.3).
The morphology of the crystal can be rationalized in terms
of its mode of molecular packing.- Stacking of the molecules
in piles with the planes of the ring skeleton roughly perpen-
dicular to a, and also in dense layers parallel to (012)(see





As the molecular skeleton is essentially planar, the
electrons are expected to be extensively delocalized. The
S atom, with a C-S-C bond angle of approximately 90°, re-
sembles the sulphur atom in thiophene, Similarly, the N(1)
atom resembles nitrogen atom in pyrroles. Both atoms will
contribute the lone pair electrons in their p orbitals to
the molecular -bonding.
The molecular -orbitals were calculated using the
Heckel Molecular Orbital(HMO) method. Parameters for the
heteroatoms were assigned according to the empirical rules
of Streitwiesser(60): for S, h=1.5, k=0.8 for N(1), h=1.5
k=0.8 for N(2), h=0.5, k=1.0; for 0(l), h=1.0, k=1.0. The
calculation was performed on an ICL 1904A computer using a
Fortran IV program taken from a book by Greenwood(61). The
results are given in Appendix II and the calculated 77--bond
orders shown in Figure 7.1.
The lengths of C-C bonds can be correlated fairly well
to the -bond orders as can be seen from Figure 7.2. In this
figure, bond lengths are plotted against the respective bond
orders, and a smooth curve is drawn to fit the data points.,































Figure 7.1 Calculated bond orders
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bond lengths are calculated from the equation (62)
where s=1515. is a pure sp2--sp2 carbon bond legth, d=1,335
is a double bond length, p is the --bond order, and k is a
constant equal to 1 05(03) The calculated and measured
results are compared in Table 7.1.












The agreement, though far from ideal, Is considered sarisfactory
bearing in mind the crudeness of the model and the semi--empirical
nature of the correlation equation. In particular, the trend
of variation is well reproduced 4
The inverse variation of bond length with bond orders also
holds for the two C-S bonds o For the C-N bonds, the Longest






Figure 7.2 Correlation of bond orders






1.34 1.36 1.38 1.40 1.42 1.44 1.46 1.48 1.50
BOND LENDGTH (in oA)
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the shortest C(10)-N(2) bond has a bond order of O6297, which
is too small for a double bond.
The UV absorption at 374m c.an be explained as the electronic
transition from the highest occupied orbital to the lowest vacant
orbital (Appendix II), with an energy difference of 1.304 . Taking
as 55 Kcal/mole (64), this energy difference corresponds to a
transition wavelength of 390m , not at all a bad approximation.
7.2 Reaction Mechanise
Judging from the structure of the product, the reaction be-
tween DAD and ABT is likely to involve an initial electrophilic
attack on the imino-nitrogen, following the pattern of the







which would be stablised by resonance. The positive charge on
the ring nitrogen can be delocalized into the heterocyclic





If the initial attack is on the amino-nitrogen, such resonance
would not be possible and the 'intermediate formed will be less
s table than XI0 This probably accounts for the preference of
the ring nitrogen over the exocyclic nitrogen in the reactiono
The carbanion fragment of the intermediate XI can also be
s tablis ed by resonance with the negative charge delocalized
into the methyil ester group:
0
0




GMENT XIIIThe fragment XIII has essentially an a lenestructure and the
configuration about the central carbon atom is expected to be
line aro Proton transfer from the polar methanol solvent
molecules w ll give rise to an enamine with the fumarate




-N N0 0structureC C structure
C=CO-C
\CCH CH3H30OOCH3C OO 3
H OCH
Previous reports on the addition of DAD to arnznes 1
n.dicate that the furnarate form is pre erred in a polar solvent
edium, as is an our case The benzothiazole sk Teton then
oses a proton through the amino-nitrogen to give the enatine
result in the maleate structure:
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with fumarate structure.
rurther reaction is possible between the - or-ester
and the exocyclic sp2-hybridized nitrogen. The carbonyl
carbons are required to be in the proximity of the exocyclic
nitrogen to facilitate ring closure. With the use of a
Dreiding stereomodel, it can be readily demonstrated that
cyclization involving the of-ester group is sterically hindered
(Figure 7.3)
Figure 7.3 Two conformations of the reaction intermediates XIV
in which the - and ,3-ester groups are, in turn,
brought into the proximity of the exocyclic nitrogen
atom.
As is clear from the above figure, the carbonyl carbon of
the -ester can never be as close to the nitrogen atom as its
counterpart in the -ester furthermore, when the former is brought
into reacting position with the nitrogen by rotation about the
68
C-N single bond, serious crowding between the benzene ring
and the/3-ester group results. Stereospecific reaction
therefore proceeds via the following pathway:
The above mechanism is consistent with the earlier X-ray
report(7) that the reaction product of methyl propiolate and
2-aminobenzothiazole has the 2-one-pvrimido [2, 1-b] benzcthiazole
structure(III) shown in Section 1.2, In this case the initial
electrophilic attack on the imino-nitrogen comes from the
acetylenic carbon of the ester.
Unlike the reaction of thiourea with DAD, the sulphur
atom in ABT does not participate in the addition. This is
to be expected since the sulphur atom has lost its basicity
by contributing an electron-pair to the molecular -bonding,
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APPENDIX I. OBSERVED AND CALCULATED STRUCURE FACTORS
Measured and calculated structure factors are tabulated
in this Appendix. Reading from left to right, the columns.
contain values of h, k, 1OF0, 1OFc. Reflections with structure
amplitudes marked with asterisks were unobserved and were given
intensity values equal to one-half of the observable minimum.
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0 0 2 120 -124 0 4 11 139 -130 0 8 13 135 -126 0 13 7 71 -55 1 1 0 1295 1291
0 0 4 226 -186 0 4 12 43 46 0 8 14 13 15 0 13 8 94 74 1 1 1 451 410
0 0 6 71 99 0 4 13 65 65 0 8 15 47 -41 0 13 9 36 42 1 1 2 545 334
0 0 8 226 196 0 4 14 46 53 0 8 16 37 34 0 13 10 11• -7 1 1 3 159 -144
0 0 10 65 23 0 4 15 68 -64 0 8 17 13• -10 0 13 11 11. -3 1 1 4 441 -440
0 0 12 314 323 0 4 16 15• -17 0 8 18 19 18 0 13 12 23 13 1 1 5 254 239
0 0 14 141 -127 0 4 17 87 -84 0 8 19 11• -9 0 13 13 411 -34 1 1 6 257 271
0 0 16 80 73 0 4 18 94 77 0 6 20 26 -21 0 13 14 41 -37 1 1 7 43 57
0 0 13 192 -211 0 4 19 108 -99 0 8 21 22 18 0 13 15 28 25 1 1 b 320 -133
0 0 20 63 -38 0 4 20 48 45 0 6 22 21 14 0 13 16 7• 6 1 1 9 375 -355
0 0 22 136 -12 0 4 21 14• 3 0 b 23 12. 4 0 13 17 6• -1 1 1 10 137 128
0 0 24 16 -28 0 4 22 13. -2 0 9 1 179 140 0 14 0 26 -22 1 1 11 113 95
0 0 26 S2 51 0 4 23 11• 4 0 9 2 28 8 0 14 1 43 -43 1 1 12 94 -123
0 1 1 39 3 0 4 24 10 10 0 9 3 130 103 0 14 2 55 36 1 1 13 31 37
0 1 2 939 -963 0 4 25 7• -13 0 9 4 47 24 0 14 3 43 -47 1 1 14 165 179
0 1 3 161 -168 0 5 1 130 -111 0 9 5 51 -42 0 14 4 14. -8 1 1 15 26S 30
0 1 4 610 584 0 5 2 8. -5 0 9 6 54 57 0 14 5 130 -4 1 1 16 270 -273
0 1 5 SS 18 0 5 3 70 64 0 9 7 92 -16 0 14 6 109 109 1 1 17 58 -67
0 1 6 37 30 0 5 4 284 -244 0 9 8 34 31 0 14 7 13. -5 1 1 18 23 l0
0 1 7 330 -295 0 5 5 61 52 0 9 9 56 -46 0 14 8 15 -11 1 1 19 12. -3
0 1 8 588 566 0 S 6 119 95 0 9 10 106 -98 0 14 9 37 -22 1 1 20. 33 -46
0 1 9 242 239 0 5 7 140 -116 0 9 11 72 70 0 14, 10 64 46 1 1 21 24• -13
0 1 10 230 194 0 5 8 150 -127 0 9 12 21? -207 0 14 11 11• -7 1 1 22 85 70
0 1 11 28 -22 0 5 9 343 301 0 9 13 16A -155 0 14 12 46 -32 1 1 23 9. 0
0 1 12 348 313 0 5 10 12• 26 0 9 14 154 139 0 14 13 18 9 1 1 24 43 -42
0 1 13 13• 3 0 5 11 235 -220 0 9 15 54 38 0 14 14 18 12 1 1 25 33• 110 1 14 126 110 0 5 12 214 -200 0 9 16 13. 0 0 14 15 16 -15 1 2 -25 18 -20
0 1 15 15• 0 0 5 13 66 59 0 9 17 154 -130 0 15 1 136 1 1 2 -24 8 14
0 1 16 134 133 0 5 14 69 SS 0 9 18 19. 10 0 15 2 13• -7 1 2 -23 51 52
0 1 17 125 110 0 5 15 119 -99 0 9 19 11• -8 0 15 3 72 56 1 2 -22 10. -21
0 1 18 266 -283 0 5 16 40 -33 0 9 20 47 -42 0 15 4 28 25 1 2 -21 103 -96
0 1 19 113 -102 0 5 17 27 -22 0 9 21 69 -55 0 15 5 12• 12 1 2 -20 51. 52
0 1 20 150 134 0 5 19 85 78 0 9 22 27 26 0 15 6 28 19 1 2 -19 43 45
0 1 21 52 49 0 5 19 109 -97 0 10 0 157 142 0 1S 7 11• 0 1 2 -18 1511 -132
0 1 22 41 -44 0 5 20 52 -40 0 10 1 148 108 0 15 8 17 8 1 2 -17 34 -43
0 1 23 20• -25 0 5 21 84 66 0 10 2 52 41 0 15 9 1a 16 1 2 -16 135 132
0 1 24 95 72 0 S 22 87 67 0 10 3 .199 -165 0 15 10 29 24 1 2 -15 185 197
0 1 25 28 30 0 5 23 86 -69 0 10 4 64 58 0 15 11 49 23 1 2 -14 128 -118
0 1 26 58 -80 0 5 26, 66 -49 0 10 S 210 180 0 15 12 30 -29 1 2 -13 84 72
0 2 0 554 -491 0 5 25 45 37 0 10 6 103 -99 0 15 13 32 -23 1 2 -12 186 130
0 2 1 390 -367 0 6 0 530 506 0 10 7 16 -11 0 16 0 12 -6 1 2 -11 65 459
0 2 2 444 -402 0 6 1 18 5 0 10 8 136 -128 0 16 1 31 16 1 2 -10 93 91
0 2 3 155 160 0 6 2 269 -250 0 10 9 110 104 0 16 2 Si -30 1 2 -9 372 -358
0 2 4 821 -810 0 6 3 322 295 0 10 10 40 44 0 16 3 23 -19 1 2 -8 13 11
0 2 5 466 -446 0 6 4 333 326 0 10 11 12• 11 0 16 4 17 -13 1 2 -7 129 133
0 2 6 216 182 0 6 5 51 -43 0 10 12 200 181 0 16 5 57 38 1 2 -6 13S 112
0 2 7 474 402 0 6 6 262 -226 0 10 13 135 119 0 16 6 54 -40 1 2 -5 444 -453
0 2 8 534 -322 0 6 1 339 305 0 10 14 17 26 0 16 7 9. -6 1 2 -4 423 437
0 2 9 332 -309 0 6 8 116 103 0 10 15 59 -48 0 16 8 8• 12 1 2 -3 734 733
0 2 10 175 -148 0 6 9 136 109 0 10 16 24 -24 0 16 9 19 15 1 2 -2 1211 -1721
0 2 11 60 -32 0 6 10 141 -119 0 10 17 10• 10 0 16 10 25 -19 1 2 -1 444 429
0 2 12 58 3S 0 6 11 44 44 0 10 13 26 -28 1 0 -24 36 -27 1 2 0 6• 26
0 2 13 178 -178 0 6 12 42 31 0 10 19 8• -9 1 0 -22 25 32 1 2 1 407 -367
0 2 14 236 218 0 6 13 20. 0 G 10 20 7. 7 1 0 -20 165 -167 1 2 2 231 2160 2 15 202 182 0 6 14 138 -128 0 10 21 10 -4 1 0 -16 241 215 1 2 3 343 -350
0 2 16 210 -187 0 6 15 74 79 0 11 1 59 -39 1 0 -16 211 -218 1 2 4 296 275
0 2 17 32 11 0 6 16 57 -62 0 11 2 91 75 1 0 -14 82 -69 1 2 5 167 -173
0 2 18 34 -22 0 6 17 65 65 0 11 3 18• -22 1 0 -12 265 -241 1 2 6 367 -388
0 2 19 15. -3 0 6 18 60 -57 0 11 4 126 -96 1 0 -10 403 377 1 2 7 434 -494
0 2 20 104 93 0 6 19 65 71 0 11 5 227 193 1 0 -8 374 -410 1 2 8 336. -32S
0 2 21 59 49 0 6 20 49 40 0 11 6 126 -110 1 0 -6 29 37 2 9 25 -15
0 2 22 13• 10 0 6 21 29 -22 0 11 7 139 -123 1 0 -4 339 -369 1 2 10 30 23
o 2 23 170 13 0 6 22 57 -35 0 11 8 62 59 1 0 -2 1142 1123 1 2 11 6S -67
0 2 24 10. 6 0 6 23 90 0 0 11 9 62 55 1 0 0 181 142 1 2 12 113 -137
0 2 25 9• 14 0 6 24 20 -22 0 11 10 123 113 1 0 2 375 370 1 2 13 51 41
0 3 1 485 685 0 1 1 39 35 0 11 11 64 59 1 0 4 25 -9 1 2 14 11• -4
0 3 2 263 -236 0 7 2 417 399 0 11 12 44 -40 1 0 6 134 -136 1 2 -15 134 142
0 3 3 172 150 0 7 3 125 -120 0 11 13 16 16 1 0 8 434 401 1 2 1 12. -9
0 3 4 313 -272 0 7 4 76 55 0 11 14 11. -8 1 0 10 204 216 1 2 17 141 -134
0 3 3 80 -51 0 7 5 227 -209 0 11 15 11• -16 1 0 12 151 -158 1 2 18 120 1
0 3 6 266 -23S 0 7 6 157 -139 0 11 16 19 -17 1 0 14 69 68 1 2 19 89 96
0 3 7 390 -342 0 7 7 77 -74 0 11 17 97 70 1 0 16 173 161 1 2 20 56 -62
0 3 8 91 71 0 7 8 224 202 0 11 18 22 16 1 0 16 194 -198 1 2 21 31 -31
0 3 9 125 -115 0 7 9 87 94 0 11 19 S5 -44 1 0 20 62 69 1 2 22 23 31
0 3 10 176 139 0 7 10 110 -91 0 11 20 13 15 1 0 22 41 -43 1 2 23 82 8.1
0 3 11 445 432 0 7 11 71 69 0 12 0 160 155 1 0 24 94 79 1 2 24 62 -53
0 3 12 159 -13S 0 7 12 218 203 0 12 1 170 -158 1 1 -23 66 0 1 2 25 17 4
0 3 13 282 -243 0 7 13 72 67 0 12 2 95 -78 1 1 -24 33 40 1 3 -25 5. 13
0 3 14 84 -65 0 7 14 54 -56 0 12 3 128 125 1 1 -23 17 14 1 3 -24 18 15
0 3 13 186 165 0 7 15 84 80 0 12 4 31 -38 1 1 -22. 89 -'2 1 3 -23 86 -85
0 3 16 164 -139 0 7 16 98 108 0 12 5 11. 0 1 1 -21 36• 12 1 3 -22 30 -27
0 3 17 248 -236 0 7 17 65 63 0 12 6 100 -83 1 1 -20 170. 165 1 3 -21. 78 76
0 3 18 62 45 0 7 18 74 -79 0 12 7 35 -48 1 1 -19 52• 45 1 3 -20 74 -72
0 3 19 112 115 0 7 19 23. 26 0 12 8 18 16 1 1. -19 46 42 1 3 -19 250 11
0 3 20 27 18 0 7 20 36 44 0 12 9 19 29 1 1 -1T 72 .-73 1 3 -18 77 70
0 3 21 30 -26 0 7 21 57 49 0 12 10 21 -21 1 1 -16 101 -77 1 3 -17 27 -22
0 3 22 13• S 0 7 22 81 -67 0 12 11 35 39 1 1 -15. 37 -20 1 3 -1d 12• 3
0 3 23 70 64 0 7 23 47 43 0 12 12 17 2 1 1 -14 707 -99 1 3 -15 71 -80
0 3 24 10• -10 0 8 0 35 38 0 12 13 61 -70 1 1 -13 19. -4 1 3 -14 31 -26
0 3 25 61 -58 0 8 1 187 -143 0 12 14 36 -33 1 1 -12 157 -160 1 3 -13 171 160
0 4 0 235 221 0 8 2 26. -18 0 12 15 23 22 1 1 -11 123 114 1 3 -1? 56 58
0 4 1 493 468 0 8 3 104 -87 0 12 16 8• 1 1 1 -10 33 -31 1 3 -11 100 14
0 4 2 31 47 0 8 4 308 -286 0 12 17 11• -9 1 1 -9 30 -27 1 3 -10 57 -47
0 4 3 133 -140 0 8 5 181 -151 0 12 16 21 -17 1 1 -3 246 -266 1 3 -9 73 -86
0 4 4 177 -172 0 8 6 252 221 0 12 19 32 37 1 1 -7 67 61 1 3 -8 62 66
0 4 5 133 129 0 8 7 11• 3 0 13 1 44 -22 1 1 -6 351 -340 1 3 -7 474 482
0 4 6 389 332 0 8 8 201 -175 0 13 2 S3 -48 1 1 -5 79 -78 1 3 -6 95 96
0 4 7 588 -555 0 8 9 224 -206 0 13 3 37 30 1 1 -4 88 -64 1 3 -5 13S 127
0 4 8 200 169 0 8 10 226 197 0 13 4 43 -39 1 1 -3 1544 -1571 1 3 -4 192 198
0 4 9 542 525 0 b 11 56 -55 0 13 5 142 -124 1 1 -2 438 -71 1 3 -3 455 469
0 4 10 28 29 0 8 12 108 -105 0 13 6 52 -33 1 1 -1 489 436 1 3 -2 2 24 227

i 1 S4 -40 t 1 1 11rt -115 e 3 1. 11.-' 2 o -70 210 i/ 2 M1 -0 a/ _t-1. 1
1l
f t 46 9. -1 2 1 16 119 -117 2 3 )1 75 14 2 6 -18 79 -7311 3 tt -12 2 1 1 14) tab 2 3 )u 106 -2 2 6 -19 3i -31 1 -7 9i I1 1) 5 47 36 2 1 17 12• 13 2 3 72 1/ -11 2 6 -11 8S M2 2 0 -5 5? -SS
t 1S 6 41 -35 2 1 18 39 -40 2 3 25 59 -47 2 6 -1o 1311 120 t h- 22 -/2
1 11 7 84 -4 2 1 19 11• -15 2 4 -73 46 55 2 6 -1) 20. 16 2 b -3 4•) -54
1 15 8 15 13 2 1 20 25 -25 2 4 -22 l• 12 2 6 -14 91. -90 2 8 -2 1t. -12
1 1S 9 28 24 2 1 21 9• -4 2 1. -71 65 -68 2 o -13 45 c3 2 8 -1 104 -1b5
1 15 10 52 -43 2 1 22 27 -21 2 4 -7U 45 38 2 0 -12 66 -51 2 8 0 to 2/
1 15 11 6• -8 2 1 23 8 10 2 4 -19 25 42 2 6 -11 30 32 2 6 1 94 -t42
1 15 12 19 19 2 1 24 45 -57 2 a -13 26• 25 2 6 -10 1A -22 2 b 2 7a -95
1 16 -9 22 18 2 2 -24 7 -23 2 4 -17 84 -91 2 6 -9 50 67 2 8 3 121 -149
1 16 -6 25 -26 2 2 -23 76 -70 2 4 -16 19 19 2 6 -8 63 67 2 n 4 220 2c5
1 1S -7 21 -18 2 2 -2'2 8• 12 2 4 -15 12• -16 2 6 -7 Ids 110 2 b 5 77 95
1 16 -0 6• -9 2 2 -21 9• 14 2 4 -1L 87 92 2 6 -6 77 81 2 b O 169 13
1 15 -5 7. -5 2 2 -20 89 -Al 2 4 -13 201 -220 2 6 -5 115 121 2 b 7 107 -125
1 16 -4 7• 10 2 2 -19 11• -10 2 4 _1l 26 -22 2 6 -4 7S 86 2 8 8 73 -7'+
1 16 -3 53 -46 2 2 -18 5A 64 2 4 _I1 34 36 2 6 -3 106 113 2 b 9 80 -88
1 16 -Z 7• 6 2 2 -17 81 90 2 4 -10 19 -30 2 6 -7 139 758 2 b 10 38 -93
1 16 -1 24 13 2 2 -16 37 -46 2 4 -9 140 -139 2 6 -1 124 100 2 8 11 12. 6
1 16 0 28 -22 2 2 -15 12• 13 2 4 -8 164 -160 2 6 0 130 155 2 a 1? 98 1n6
1 16 1 24 -16 2 2 -14 47 54 2 4 -7 85 -88 2 6 1 10• 3 2 b 13 22 24
1 16 2 7• -8 2 2 -13 215 230 2 4 -6 17 -19 2 6 2 127 -140 2 b 1'. 17 -1$
1 15 3 7• -6 2 2 -12 80 -89 2 4' -5 201 -216 2 6 3 122 131 2 8 15 40 -35
1 16 4 20 -20 2 2 -11 55 -46 2 4 -4 185 182 2 6- 4 113 -120 2 b 16 92 64
1 16 5 7• -6 2 2 -10 73 -74 2 4 -3 172 -185 2 6 5 52 53 2 b 17 85 63
1 16 6 6• -3 2 2 -9 151. 146 2 4 -7 10 i -125 2 6 6 166 1140 2 b 18 514 -60
1 16 7 13 13 2 2 -8 47 54 2 4 -1 50 -58 2 6 7 141 -147 2 8 19 49 -38
1 16 8 24 -17 2 2 -7 123 -124 2 1. U 269 -276 2 6 8 92 -95 2 8 20 26 211 16 9 41b -7 2 2.-6 278 292 2 4 1 76 -57 2 6 9 136 149 2 9 -20 13• -12
1 16 10 3• 3 2 2 -5 162 193 2 4 2 194 -190 2 6 10 192 213 2 9 -19 16 -12
1 17 -3 4. -4 2 2 -4 314 -299 2 4 3 260 265 2 6 11 31 -29 2 9 -18 25• 19
1 17 -2 S• 2 2 2 -3 505 507 2 4 4 32 -31 2 6 12 151 -181 2 9 -17 27• 16
1 17 -1 13 6 2 2 -2 151 -147 2 4 5 127 -136 2 6 13 12• 2 2 9 -16, 9. -6
1 17 0 5•. 3 2 2 -1 202 -188 2 4 6 37 -41 2 6 14 25 -25 2 9 -15 45 -42
1 17 1 23 -21 2 2 0 303 270 2 4 7 100 101 2 6 15 20 -22 2 9 -14 27 -19
1 17 2 5• -6 2 2 1 47 -5S 2 4 8 41 -45 2 6 16 70' -66 2 9 -13 86 77
1 17 3 21 16 2 2 2 35 36 2 4 9 11• 10 2 6 17 28 33 2 9 -12 20 -20
2 0 -24 19 31 2 2 3 88 -95 2 4 10 74 -73 2 6 18 63 65 2 9 -11 25 -8
2 0 -22 65 -64 2 2 4 396 396 2 4 11 145 155 2 6 19 44 -43 2 9 -10 21 -29
2 0 -20 195 164 2 2 5 68 -68 2 4 12 144 157 2 6 20 68 -65 2 9 -9 30 36
2 0 -14 93 -88 2 2 6 36 -31 2 4 13 150 -169 2 6 21 7 -3 2 9 -6 139 -785
2 0 -16 35 35 2 2 7 175 -176 2 4 14 41 -46 2 6 22 46 42 2 9 -7 12• -4
2 0 -14 202 -188 2 2 8 101 101 2 4 15 109 107 2 7 -22 4. 0 2 9 -6 118 145
2 0 -12 9A 102 2 2 9 37 43 2 4 16 39 -40 2 7 -21 6. -2 2 9 -S 132 156
2 G -10 96 86 2 2 10 20 22 2 4 17 66 -69 2 7 -20 31 36 2 9 -4 12• -12
2 0 -8 83 90 2 2 11 150 -157 2 4 18 17 14 2 7 -19 9. 6 2 9 -3 97 -108
2 0 -6 152 15? 2 2 12 71 68 2 19 82 80 2 7 -lb 96 12 2 9 -7 33 34
2 0 -4 31 23 2 2 13 155 153 2 4 20 14 17 2 7 -17 10. 10 2 9 -1 124 142
2 0 -2 174 -166 2 2 14 12• 4 2 4 21 91 -78 2 7 -10 54 47 2 9 0 117 -128
2 0 0 117 -92 2 2 15 107 -96 2 4 22 79 -S 2 7 -15 12 -7 2 9 1 103 -123
2 0 2 323 -295 2 2 16 186 191 2 4 23 48 .7 2 7 -14 176 -172 2 9 2 33 25
2 0 4 72 -73 2 2 17 8. 87 2 5 -23 14 -13 2 7 -13 93 -86 2 9 3 73 79
2 0 6 365 359 2 2 18 49 -58 2 5 -22 20 15 2 7 -12 55 53 2 9 4 16. 262 0 0 376 -347 2 2 19 91 -82 2 S -21 86 0 2 7 -11 54 -57 2 9 5 16. -5
2 G 10 71 -67 2 2 20 39 38 2 5 -20 56 -53 2 7 -10 21. -23 2 9 6 36. 3.9
2 0 12 386 -404 2 2 21 62 59 2 5 -19 6A 64 2 7 -9 15•. 10 2 9 7 12• -21
2 0 14 122 125 2 2 22 83 -71 2 5 -16 25 -19 2 7 -8 147 174 2 9 8 20 -34
2 0 16 124 -114 2 2 23 22 -17 2 5 -17 23 28 2 7 -7 11• 5 2 9 9 24 -34
2 0 15 53 53 2 3 -23 40 -42 2 S -16 21 14 2 7 -6 119 -129 2 9 10 71 A9
2 0 2U 68 -66 2 3 -22 18. 0 2 5 -15 116 126 2 7 -5 17 7 2 9 11 13 -15
2 0 22 55 50 2 3 -21 46 30 2 5 -14 113 121 2 7 -4 107 113 2 9 12 71. -4
2 0 24 49 -55 2 3 -20 10• 5 2 5 -13 88 -97 2. 7 -3 42 -43 2 9 13 63 -43
2 1 -24 13 -20 2 3 -19 67 -67 2 5 -12 103 -99 2 7 -2 129 -133 2 9 14 35 33
2 1 -23 21 22 2 3 -18 32 2a 2 5 -11 122 116 2 7 -1 67 -77 2 9 15 44 33
2 1 -22 32• 9 2 3 -17 12• -4 2 5 -10 72 74 2 7 0 129 153 2 9 16 14 -14
2 1 -21 53 -45 2 3 -16 12• -15 2 5 -9 145 -146 2 7 1 31 32 2 9 17 40 -30
2 1 -20 10• 13 2 3 -15 82 -100 2 5 -8 43 -48 2 7 2 140 -172 2 9 18 7. 3
2 1 -19 23 29 2 3 -14 56 57 2 5 -7 86 104 2 7 3 19 -25 2 9 19 15• 7
2 1 -id 126 -117 2 3 -13 43 -40 2 5 -6 186 185 2 7 4 227 244 2 9 20 9 8
2 1 -17 66 69 2 3 -12 2? -23 2 S -5 29 27 2 7 5- 36 -29 2. 10 -19 27 3y
2 1 -16 39. -3 2 3 -11 97 -102 2 5 -4 58 -65 2 7 6 11. 24 2 10 -18 17. 12
2 1 -15 12• 14 2 3'-10 57 67 2 5 -3 34 -42 2 7 7 179 199 2 10 -17 52 -46
2 1 -14 164 -171 2 3 -9 133 153 2 5 -2 22. -20 2 7 a 140 159 2 10 -16 10. 11
2 1 -13 72 -77 2 3 -8 20 15 2 5 -1 336 -372 2 7 9 46 49 2 10 -is 47 41
2 1 -12 199 181 2 3 -7 220 -243 2 5 0 140 -153 2 7 10 72 -68 2 10 -14 9* 0
2 1 -11 180 175 Z 3 -6 279 -301 2 5 1 164 171 2 7 11 76 -87 2 10 -13 27 -25
2 1 -10 121 -124 2 3 -5 796 792 2 S 2 117 108 2 7 12 12• -21 2 10 -12 10• -2
2 1 -9 116 -116 2 3 -4 171 -172 2 5 3 176 -164 2 7 13 35 37 2 1G -11 31 32
2 1 -8 85 106 2 3 -3 156 -149 2 5 4 245 -255 2 7 14 35 -51 2 10 -10 41 -50
2 1 -7 16 -14 2 3 -2 435 450 2 5 5 126 12S 2 7 75 34 45 2 10 -9 58 61
2 1 -6 251 -235 2 3 -1 121 130 2 S 6 26 -20 2 7 16 11. 14 2 1C. -b 16 93
2 1 -S 131 -126 2 3 0 31 -26 2 5 7 137 -157 2 7 17 10• -7 2 10 -7 52 61
2 1 -4 118 86 2 3 1 54 -67 2 5 8 205 -232 2 7 18 9. 0 2 10 -6 33 SO
2 1 -3 47 46 2 3 2 69 68 2 5 9 11• 16 2 7 19 8• 0 2 10 -5 46 -55
2 1 -2 306 -285 2 3 3 262 262 2 5 10 12. 32 2 7 20 7• 5 2 10 -4 103 -131
2 1 -1 346 -30S 2 3 4 57 67 2 5 11 105 -106 2 7 21 22 -24 2 10 -3 59 66
2 1 0 363 359 2 3 5 117 -110 2 5 12 12• 1 2 7 22 12 19 2 10 -2 57 -67
2 1 1 37 -15 2 3 6 13 -1? 2 5 13 70 71 2 8 -21 20 24 2 10 -1 51 53
2 1 2 78 -64 2 3 7 162 177 2 5 14 81 -91 2 8 -20 28 -35 2 10 0 64 -87
2 1 3 113 104 2 3 8 39 39 2 5 15 76 80 2 8 -19 37 -36 2 10 1 11• -13
2 1 4 448 454 2 3 9 11 -12 2 5 16 12• 1 2 8 -18 24 30 2 10 2 54 -5?
2 1 5 23 23 2 3 10 11• 14 2 5 17 11• 10 2 8 -17 28 23 2 10 3 14A 175
2 1 6 232 -282 2 3 11 35 29 2 5 18 36 36 2 8 -16 22 -27 2 10 4 54 71
2 1 7 195 -208 2 3 12 74 82 2 5 19 10• -12 2 8 -15 75 -67 2 10 5 It. 4
2 1 8 6? -61 2 3 13 206 -219 2. 5 20 14 -10 2 8 -14 28 33 2 10 6 11. -20
2 1 9 174 176 2 3 14 201 210 2 S 21 15 11 2 8 -13 56 -53 2 10 7 36 34
2 1 10 102 -103 2 3 15 12• -S 2 5 22 18 -18 2 8 -12 66 -70 2 10 8 38 -39
2 1 11 129 -130 2 3 16 12• -9 2 5 23 5• 14 2 8 -11 26 26 2 10 9 39 -40
2 1 12 95 93 2 3 17 31 -37 2 6 -22 51 -62 2 b -10 80 93 2 10 10 11• 17
2 1 13 29 19 2 3 18 11• -5 2 6 -21 35 32 2 8 -9 41 43 2 to 11 75 77
c Iu 12 30 -41 2 13 10 A. -2 S 1 SS SS S S 7. n4 S
2 13 11 39 -31 2 13 11 17 10 3 1 5 152 1( 3 3 34 -t4 1 S 6 u 11.
2 10 14 9. 0 2 13 12 49 43 3 1 6 22 -21 S 4. -2u A -8 3 6 1 3. -SS
2 10 15 21 26 2 13 11 6• -4 3 1 7 16. 5 3 4 -19 1,1 -18 3 6 1 1S11 -1m
2 10 16 1b 16 2 13 14 17 18 3 1 d 79 70 3 _1b 55 -41 3 6 3 1:. 0
2 10 17 47 -49 2 14 -12 36 -47 3 1 9 78 72 3 4 -17 29 -23 S 6 4 14. 1A
2 10 1b 53 49 2 14 -11 5. 1 3 1 10 39 18 3 4 -16 52 43 3 6 5 14. 1+
2 11 -17 25 -30 2 14 -10 13 18 3 1 11 49 -43 3 4 -15 15. 15 S 6 6 14. 0
2 11 -16 7• -8 2 14 -9 7• 19 3 1 12 83 11 3 4 -14 13. 9 5 6 7 121 135
2 11 -13 66 57 2 14 -8 7. -6 3 1 13 17. -11 3 4 -13 166 -9 3 b b 156 1t3
2 11 -14 14 13 2 14 -7 21 13 3 1 14 67 -59 3 -1? 16• -13 3 6 9 14• -3
2 11 -13 60 -54 2 14 -6 A. 3 3 1 15 31 24 3 -11 16• 14 3 6 10 131 -152
2 11 -12 16• 19 2 14 -5 13 -13 3 1 16 61 43 3 4 -10 35 -40 3 6 11 6r. 75
2 11 -11 36 3S 2 14 -4 36 -22 3 1 17 31 28 3 4 -9 31 28 3 6 12 1,1 -25
2 11 -10 64 67 2 14 -3 15 18 3 1 18 55 -42 3 4 -b 215 -207 3 6 13 31 -34
2 11 -9 68 -60 2 14 -2 16 -21 3 1 19 12• -8 3 4 -7 37 44 3 6 14 29 -50
2 11 .8 30 37 2 14 -1 1? -20 3 1 2u 36 09 3 4 -b 770 161 3 6 15 1A. -7
2 11 -7 22 24 2 14 0 53 S6 3 1 21 34 23 3 4- 253 -257 3 6 16 3•) 40
2 11 -6 11• -1 2 14 1 18 -16 3 2 -21 20 11 3 4 -4 55 57 3 6 17 9. -3
2 11 -3 44 -52 2 14 2 60 -52 3 2 -20 26 21 3 4 -3 71 68 3 6 18 26 -24
2 11 -4 25 -33 2 14 3 33 39 3 2 -19 110 1 3 4 -2 145 -148 3 6 19 14 10
2 11 -3 11• 5 2 14 4 25 -33 3 2 -18 36 31 3 4 -1 42 -46 3 7 -18 30 36
2 11 -2 16 15 2 14 5 8* -3 3 2 -17 24 -18 3 4 0 15. -1 3 7 -17 22• 10
2 11 -1 81 -89 2 14 6 A. -1 3 2 -16 82 63 3 4 1 173 183 3 7 -16 6A -y12 11 0 16 2 2 14 7 18 -19 3 2 -15 15. 14 3 4 2 32 -28 3 7 -15 11• -2
2 11 1 100 115 2 14 8 7. 8 3 2 -14 15• 5 3 4 3 94 -92 3 7 -14 11. 6
2 11 2 42 52 2 14 9 13 9 3 2 -13 15• 17 3 4 1 45 -39 3 7 -13 84 -63
2 11 3 26 -31 2 14 10 34 -31 3 2 -12 62 -59 3 4 S 116 127 3 7 -12 4A -50
2 11 4 72 -80 2 14 11 14 -10 3 2 -11 16. 0 3 4 8 2A 22 3 7 -11 13. 14
2 11 5 75 74 2 14 12 15 18 3 2 -10 80 76 3 4 7 126 -141 3 7 -10 88 92
2 11 6 48 -55 2 15 -9 25 28 3 2 -9 96 90 3 4 8 80 -87 3 7 -9 2S -37-
2 11 7 82 -94 2 15 -8 37 -39 3 2 -6 104 -103 3 4 9 19 19 3 7 -b 69 -b4
2 11 8 11• -3 2 15 -7 13 -20 3 2 -7 43 -35 3 4 10 104 118 3 7 -7 95 -118
2 11 9 17 18 2 15 -6 24 22 3 2 -6 38 -29 3 4 11 102 -102 3 7 -6 30 39
2 11 10 44 -50 2 15 -5 22 21 3 2 -5 77 76 3 4 12 32 -31 3 7 -5 53 -60
2 11 11 20 -23 2 15 -3 76 -7 3 2 -4 36 -27 3 4 13 91 91 3 7 -4 42 -56
2 11 12 34 -38 2 15 -2 4.4 43 3 2 -3 105 -107 3 4 14 52 -52 3 7 -3 60 -74
2 11 13 16 22 2 15 -1 7• -7 3 2 -2 105 96 3 4 15 66 -68 3 7 -2 83 97
2 11 14 8. 9 2 15 0 12 -6 3 2 -1 71 70 3 4 16 13• -6 3 7 -1 t5 19'
2 11 15 7• 8 2 15 1 7. 0 3 2 0- 100 -99 3 4 17 53 46 3 7 0 38 -36
2 11 16 6. 8 2 15 2 7. -14 3 2 1 199 -194 3 4 18 11• -4 3 7 1 90 -109
2 11 17 5• -3 2 15 3 7• 0 3 2 2 105 99 3 4 19 30 -25 3 7 2 25 142 11 18 2• -11 2 15 4 20 -23 3 2 3 155 152 3 4 20 13 10 3 7 3 114 -139
2 12 -16 6• -9 2 1S S 19 -21 3 2 93 -91 3 5 -20 15 -9 3 7 4 79 99
2 12 -15 10• 3 2 15 6 25 25 3 2 53 -46 3 5 -19 S1 -45 3 7 5 77 92
2 12,-14 22 -26 2 15 7 12 14 3 2 6 68 64 3 5 -18 29 -23 3 7 6 Si 44
2 12 -13 9. -7 2 15 8 21 -22 3 2 7 73 63 3 5 -17 a5 73 3 7 7 29 -35
2 12 -12 7• 7 2 15 9 22 -22 3 2 8 34 29 3 5 -16 118 86 3 7 8 28 -34
2 12 -11 59 -53 2 16 -3 4. -4 3 2 9 184 -183 3 5 -15 53 36 3 7 9 14. 0
2 12 -10 14 -16 2 16 -2 5• 8 3 2 10 141 142 3 5 -14 S3 -47 3 7 10 2Z -29
2 12 -9 19 -23 2 16 -1 9 6 3 2 11 64 67 3 5 -13 68 72 3 7 11 27 26
2 1? -8 26 27 2 16 0 12 -14 3 2 12 57 -55 3 5 -12 15• 19 3 7 12 42 42
2 12 -7 17 -20 2 16 1 5. -1 3 2 13 25 24 3 5 -11 28 -33 3 7 13 36 -34
2 12 -6 23 30 2 16 2 18 -23 3 2 14 127 121 3 5 -10 814 -86 3 7 14 43 -3
2 12 -5 30 -37 2 16 3 4• 0 3 2 15 5A 56 3 5 -9 54 61 3 7 15 23 ?5
2 12 -4 9. 8 3 0 -20 106 -71 3 2 11 14• 2 3 5 -b 125 126 3 7 16 29 23
2 12 -3 10• -3 3 0 -18 37• -24 3 2 11 43 -36 3 5 -7 113 -115 3 7 17 2S 21
2 12 -2 44 50 3 0 -16 91 -59 3 2 18 52 35 3 5 -6 15• 19 3 7 18 35 -3 el
2 12 -1 29 43 3 0 -14• 99 -75 3 2 19 67 49 3 5 -5 134 135 3 8 -17 34 32
2 12 0 16 18 3 G -12 144 120 3 2 20 9• 0 3 5 -4 61 -55 3 8 -16 8. 0
2 12 1 22 -26 3 0 -10 16 14 3 2 21 33 -26 3 5 -3 67 58 3 8 -15 17. -7
2 12 2 100 -2 3 0 -8 67 66 3 3 -21 34 -43 3 5 -2 23 -32 3 6 -14 25. 14
Z 12 3 32 -44 3 0 -6 44 -52 3 3 -20 47 33 3 5 -1 160, 162 3 8 -13 45 40
2 12 4 43 56 3 0 -4 225 195 3 3 -19 10. -2 3 5 0 15• 9 3 8 -12 12• -6
2 12 5 9. -7 3 0 -2 52 -41 3 3 -16 12. -9 3 5 1 15• 14 3 8 -11 26. 18
2 12 6 73 86 3 0 0 35 31 3 3 -17 109 -95 3 S 2 64 -64 3 8 -10 44 -47
2 12 7 37 -Si 3 0 2 198 -157 3 3 -16 24 25 3 5 3 28 22 3 8 -9 30 -36
2 12 8 57 -60 3 0 4 300. 282 3 3 -15 77 61 3 5 4 15. 7 3 b- 77 -S5
2 12 9 34 47 3 0 6 266 -221 3 3 -14 15. 16 3 5 5 150 -13 3 8 -7 13. 17
2 12 10 8. 1 3 0 8 100 85 3 3 -13 75 -79 3 5 6 94 -104 3 8 -6 75 79
2 12 11 30 -25 3 9 10 220 -187 3 3 -12 41 49 3 5 7 62 -70 3 8 -S 36 43
2 12 12 25 -22 3 0 12 79 -68 3 3 -11 81 90 3 5 8 31 25 3 8 -4 56 -68
2 1Z 13 31 31 3 0 14 182 -149 3 3 -10 68. 50 3 5 9 49 55 3 8 -3 16 -15
Z 12 14 32 32 3 0 16 14• 26 3 3 -9 162 -161 3 5 10 75 83 3 6 -2 25 34
2 12 15 19 -22 3 0 id 58 -43 3 3 -b 48 _49 3 5 11 82 87 3 8 -1 34 45
2 12 16 20 -25 3 0 20 45 24 3 3 -7 94 94 3 5 12 103. -102 3 8 0 42 -55
2 13 -15 2• -11 3 1 -21 19 19 3 3 -6 108 -102 3 5 13 55 53 3 8 1 163 -209
2 13 -14 5. 0 3 1 -20 89 -71 3 3 -5 51 -57 3 5 14 33 28 3 8 2 53 53
2 13 -13 16 -10 3 1 -19 12• 3 3 3 -4 190 185 3 5 is 54 -50 3 8 3 14. -3
2 13 -12 29 29. 3 1 -18 14• 12 3 3 -3 88 85 3 S 16 12• 10 3 8 4 72 -82
2 13 -11 7• -7 3 1 -17 67 50 3 3 -2 25 -19 3 5 11 12*• 15 3 8 5 21 -1.5
2 13 -10 43 -43 3 1 -16 143 -140 3 3 -1 60 -55 3 5 18 59 49 3 8 6 33 44
2 13 -9 2 24 3 1 -15 16• -11 3 3 0 82 -76 3 5 19 56 -45 3 b 7 26 -40
2 13 -6 36 36 3 1 -14 11.7 83 3 3 1 47 •-43 3 6 -19 18 -14 3 8 8 31 -48
2 13 -7 9. -6 3 1 -13 17• 13 3 3 2 14. -1 3 6 -18 Be, 13 3 8 9 22 -20
2 13 -6 57 -56 3 1 -12 129 -120 3 3 3 38 -34 3 6 -17 25 14 3 8 10 39 6S
2 13 -5 15 18 3 1 -11 54 -57 3 3 4 37 -34 3 6 -16 37 21 3 8 11 72• 7
2 13 -4 15 12 3 1 -10 37 39 3 3 5 21 12 3 6 -15 31 20 3 8 12 31 -27
2 13 -3 10. 5 3 1 -9 61 52 3 3 6 25 19 3 6 -14 24 -15 3 8 13 33 -30
2 13 -2 68 -66 3 1 -8 152 -122 3 3 7 38 -35 3 6 -13 64 -49. 3 8 14 76 63
2 13 -1 20 23 3 1 -7 51. -36 3 3 8 43 -44 3 6 -12 25• 25 3 8 15 17 15
2 13 0 65 61 3 1 -6 50 -36 3 3 9 16• -19 3 6 -11 91 -86 3 b 16 52 -47
2 13 1 70 -81 3 1 -5 86 81 3 3 10 64 -60 3 6 -10 14. 13 3 8 17 38 -31
2 13 2 52 57 3 1 -4 127 -109 3 3 11 16. 12 3 6 -9 14. 22 3 9 -17 21 -4t
2 13 3 10. -3 3 1 -3 52 -46 3 3 12 57 55 3 6 -6 43 51 3 9 -16 32 32
2 13 4 34 35 3 1 -2 166 126 3 3 13 140 -142 3 6 -7 30 22 3 9 -15. 40 43
2 13 5 22 24 3 1 -1 62 36 3 3 14 15• 1 3 6 -6 25 -2t 3 9 -14 27 -20
2 13 6 69 -66 3 1 0 56 48 3 3 15 23• 6 3 6 -5 57 64 3 9 -13 10. -4
2 13 7 41 40 3 1 1 141 -136 3 3 16 34 -34 3 6 -4 127 145 3 9 -12 11. -12
2 13 8 39 38 3 1 2 252 245 3 3 17 15 -15 3 6 -3 14. -11 3 9 -11 33 27
2 13 9 .8• 6 3 1 3 15• -4 3 3 18 11• 9 3 6 -2 14. -9 3 9 -10 59 -S5
S 0 -9 12• 8 3 12 5 2J6 -33 4 2 0 4A 4l 4 S S 25 -22 4 9 -S 74 -14(•
I v -y 73 71) 3 12 6 21 -22 4 2 1 5A 54 4 5 I. 30 -35 4 9 -2 15 it i3 9 -1 94 113 3 11 7 33 44 4 It 2 hi -Y3 5 5 t5• -11 7 -1 0. -3
S 9 -6 1I• -4 3 12 8 70 14 4 2 S 40 -41 4 5 0 tx 18 4 9 0 9. 4
3 9 -5 11% 19 3 12 9 24 -26 4 2 4 37 37 4 5 7 3e 48 4 9 1 53 61
3 9 -4 23 29 3 11 10 6 -10 4 2 5 3 24 4 5 h e5 e1 c 9 2 27 -24
3 9 -3 101 10 3 12 11 4• 1 4 2 e 14• -7 4 S v 7 J. 17 4 9 3 24 -21
3 9 -2 22 -29 3 13 -9 4• -3 4 2 7 46 -42 4 5 1v 7A -71 4 9 4 26 31
3 9 -1 140 -10 3 13 -8 S. -4 4 2 8 40 20 4 S t1 97 9t1 4 9 5 15 13
3 9 0 33 -41 3 13 -7 e• 3 4 2 9 41 -36 4 5 12 3-7 32 9 6 k• -7'
3 9 1 14. -11 3 13 -6 14 12 4 2 10 24 1h 4 5 13 20 -31 4 9 7 7. -tS
3 9 2 50 -43 3 13 -5 A• 0 4 2 11 12• 5 4 5 14 7• -9 4 9 8 27 30
3 9 3 52 67 3 13 -4 28 -32 4 2 12 28 25 4 5 15 5• 20 4 9 9 30 26
3 9 4 35 41 3 13 -3 d• 0 4 2 13 19 11 4 6 -14 6. 11 4 9 10 11 -15
3 9 5 40 42 3 13 -2 20 16 4 2 14 20 -14 4 6 -13 31 -32 10 -9 17 -15
3 9 6 19 15 3 13 -1 8• -1 4 2 15 9. -2 4 e -12 1S f2 4 10 -7 5. -26
3 9 7 21 18 3 13 0 8• 10 4 2 16 24 -17 4 6 -11 9. -7 4 10 -b S. -6
3 9 8 15 -15 3 13 1 a• 6 4 3 -16 24 -:2 4 6-?0 121 112 4 10 -i 6• 23 9 9 120 6 3 13 2 20 25 4 3 -15 8• 9 4 6 -9 33 -41 4 10 -4 60 -7
3 9 10 12• 16 3 13 3 22 -2t t 3 -14 34 1 4 6 -8 93. -88 4 10 -3 24 -2d
3 9 11 14• -20 3 13 4 15 -14 4 3 -13 11• 35 4 6 -7 53 53 4 1G -2 7. 10
3 9 12 11• -3 3 13 5 29 31 4 3 -12 11- -3 4 6 -6 21 20 4 10 -1 43 49
3 9 13 54 -48 3 13 6 25 -27 4 3 -11 12• 18 4 6 -5 62 -56 4 10 0 19 -26
3 9 14 20 -11 3 13 7 22, 27 4 3 -10 13• -11 4 6 -4 12. -2. 4 10 1 30 -39
3 9 15 8• 4 3 13 8 14 14 4 3 -9 13• 0 4 6 -3 22 -22 4 70 2 66 9
3 9 16 13 -16 3 13 9 11 6 4 3 -8 14. 7 4 6 -2 92 95 4 10 3 60 -1
3 10 -15 5• -1 3 14 -4 14 -12 4 3 -7 14• -24 4 6 -1 120 -9 4 10 4 6. 2
3 10 -14 11 10 3 14 -3 1a -25 4 3 -6 42 45 4 6 0 12• 7 4 10 5 15 -15
3 10 -13 23 -23 3 14 -2 3A 45 4 3 -5 14. 12 4 6 1 35 -43 4 10 6 5• 8
3 10 -12 8• 8 3 14 -1 9 -12 4 3 -4 27 -22 4 6 2 12. -7 4 10 7 130 6
3 10 -11 27 23 3 14 0 8• -1 4 3 -3 15• 3 4 6 3 33 -37 4 10 8 4• 19
3 10 -10 10. 14 3 14 1 9 16 4 3 -2 40 -44 4 6 4 11• 2 4 11 -5 30 5
3 10 -9 35 -33 3 14 2 13 -75 4 1 -1 15. 4 4 6 5 23 34 4 11 -4 4. 53 10 -8 10• 16 3 14 3 7• 3 4 3 0 15• -13 4 6 6 42 41 11 -3 9 -14
3 10 -7 11• 11 3 14 A. 36 -43 4 3 1 43 51 4 6 7 11• -1? 4 11 -2 1A -24
3 10 -6 11• 10 4 0 -16 77 -52 4 3 2 30 -20 4 6 8 88 -94 4 11 -1 3. 0
3 10 -S 26 -31 4 0 -14 74 52 4 3 3 65 -72 4 6 9 36 33 4 11 0 S. -6
3 10 -4 25 -28 4 0 -12 128 +82 4 3 4 64 76 4 6 10 90 5 4 11 1 9 -16
3 10 -3 27 29 4 0 -10 74 51 4 3 5 28 35 4 6 11 33 -34 4 11 2 5• -2
3 10 -2 29 -39 4 0 -8 72 -67 4 3 e 26 24 4 6 12 8• -1 4 11 3 4. 113 10 -1 25 -35 4 0 -6 42 43 4 3 7 105 -122 4 6 13 22 -18 4 71 4 4. -5
3 10 0 13 28 4 0 -4 d3 -66 4 3 8 48 -51 4 6 14 50 5 S 0 -6 48 -35
3 10 1 91 106 4 0 -2 132 107 4 3 9 36 41 4 7 -13 16 23 S 0 -4 34 23
3 10 2 16 -22 4 0 0 108 -75 4 3 10 36 -41 4 7 -12 28 27 5 0 -2 100 9
3 10 3 18 -23 4 0 2 38 33 4 3 11 61 -60 4 7 -11 19 13 5 0 0 10. -2
3 10 4 11• 13 4 0 4 49 -43 4 3 12 11• 18 4 7 -10 70 -67 S 0 2 31 -.16
3 10 5 49 56 4 0 6 39 27 A. 3 13 10• 3 4 7 -9 20 -25 5 0 4 30 -17
3 10 6 11• 7 4 0 b 30 -15 4 3 14 32 -25 4 7 -5 23 -31 5 0 6 21 183 10 7 22 -32 4 0 10 29 16 4 3 15 41 -41 4 7 -7 29 -26 5 1 -6 9. -2
3 10 8 32 34 4 0 12 111 -72 4 3 16 6. -8 4 7 -b 10• 10 5 1 -5 10• -13
3 10 9 46 47 4 0 14 11• -6 4 4 -16 6• 9 4 7 -5 31 -34 S 1 -4 87 61
3 10 10 9• -18 4 0 16 A• 3 4 4 -15 15 -17 4 7 -4 11• -10 S 1 -3 11• 7
3 10 11 31 -33 4 1 -16 51 33 4 4 -14 9. -2 4 7 -3 11• -3 5 1 -2 11• -18
3 10 12 39 -33 4 1 -15 12• -4 4 4 -13 37 39 4 7 -2 59 73 5 1 -1 11• -10
3 10 13 34 36 4 1 -14 33 -24 4 4 -12 12• -1 4 7 -1 20 20 S 1 0 67 42
3 10 14 6• 3 A. 1 -13 66 -37 4 4 -11 24 -27 4 7 0 11. -11 S 1 1 11• 9
3 10 15 31 -32 4 1 -12 15• -1 4 4 -10 70 -48 4 7 1 30 -37 5 1 2 49 -32
3 11 -13 20 22 4 1 -11 31 20 4 4 -9 61 55 4 7 2 11•
3 11 -12 7• 5 4 1 -10 31 8 4 4 -8 14• 1 7 3 26 -22 5 1 4 54 37
3 11 -11 71 -66 4 1 -9 39 26 4 4 -7 83 -77 4 7 4 2+. -24 5 1 5 10• 22
11 -10 A• 5 4 1 -8 18• -11 4 4 -6 40 -37 4 7 5 27 -25 5 1 6 0• 1 It3 1 -9 9. -11 4 1 -7 37 -25 4 4 -5 59 72 4 7 e f. 5 5 2 -S 2S 2!1
3 11 -3 18 13 4 1 -6 51 -28 4 4 -4 54 -63 4 7 7 10. 6 5 2 -5 20 17
3 11 -7 10• -3 4 1 -5 45 -32 4 4 -3 15• -18 4 7 8 32 -45 5 2 -4 21 -20
3 11 -6 34 -35 4 1 -4 19• -11 4 4 -2 15• -14 4 7 9 9. -3 5 2 -3 49 -42
3 11 -5 10. 12 4 1 -3 35 15 1. 4 -1 108 124 4 7 10 57 68 S 2 -2 9. 33 11 -4 11• -10 4 1 -2 65 53 4 4 0 27 30 4 7 11 28 -31 S 2 -1 90 -12
3 11 -3 53 -60 4 1 -1 19• 15 4 4 1 22 14 4 7 12 12 -15 5 2 0 O. -12
3 11 -2 14 27 4 1 0 19. 11 4 4 2 15• 16 4 7 13 16 13 S 2 1 9. -14
3 11 -1 17 23 4 1 1 81 -61 4 4 3 57 62 4 8 -12 5• 0 S 2 2 9. -Z
3 11 0 11• -4 4 .1 2 75 56 4 4 4 22 22 4 a -11 6• 0 S 2' 3 8. -3
3 11 1 51 -60 4 1 3 57 51 4 4 5 53 -60 4 8 -10 26 -26 5 2 4 37 38
3 11 2 11• -11 4 1 4 71 -55 4 A. 6 78 -87 4 8 -9 8• -7 5 2 5 7• 213 11 3 1t. -11 4 1 S 18• -7 4 4 7 39 43 4 8 -3 38 37 5 2 6 7. -7
3 11 4 11. 12 4 1 6 98 84 4 4 8 14.• 6 4 8 -7 40 41 5 3 -6 6. -1
3 11 5 10. 1 4 1 7 49 33 4 4 9 136 -4 4 8 -6 28 -30 S 3 -5 21 22
3 11 6 10• 3 4 1 8 32 -27 4 4 10 67 67 4 8 -S 9. 13 S 3 -4 21 -71
3 11 7 15 -16 4 1 9 17• -1 4 4 11 12• 18 4 b -4 26 33 5 3 -3 29 -29
3 11 8 9. -16 4 1 10 52 38 4 4 12 110 0 4 b -3 55 58 S 3 -2 42 -38
3 11 9 9• 13 4 1 11 45 35 4 4 13 10• 1 4 8 -2 26 -31 S 3 '-1 46 533 11 10 16 -12 4 1 12 34 -25 4 4 14 9. -5 4 8 -1 28 -33 5 3 0 d -8
3 11 11 24 -20 4 1 13 16* -2 4 4 15 7• .-7 4 8 0 28 23 5 3 1 5• -15
3 11 12 6• 3 4 1 14 98 62 4 4 16 4. 1 4 8 1 100 -11 5 3 2 37 43
3 11 13 5• 1 4 1 15 11+ 8 4 S -15 24 25 F. 8 2 52 -49 5 3 3 3,8 393 12 -12 3• 11 4 1 16 58 -37 4 5 -14 33 29 4 8 3 to. 1 5 3 4 7• -9
3 12 -11 20 -26 4 2 -16 51 41 4 S -13 34 -27 4 8 4 16 19 5_ 3 5 39 -44
3 12 -10 14• -16 4 2 -15 37 26 4 5 -12 65 -42 4 b 5 20 19 5 3 6 6• -10
3 12 -9 21 28 4 2 -14 36 -26 4 5 -11 39 24 4 b e 38 -41 5 4 -e 2S -3
3 12 -8 7• -2 4 2 -13 11. -14 4 5 -10 39 32 4 a 7 8• S 5 4 -5 60 03 12 -7 7• 2 4 2 -12 61 46 4 5 -9 67 -54 4 8 8 27 31 5 4 -4 7. -37
3 12 -6 7• 4 4 2 -11 81 62 4 5 -8 82 72 4 5 9 7. -1 S 4 -3 17 143 12 -5 8• 7 4 2 -10 136 3 4 5 -7 13• -11 4 b 10 24 27 5 4 -2 41 -8
3 12 -4 28 31 4 2 -9 33 -31 4 5 -6 35 -34 4 8 11 13 8 5 4 -1 80 19
3 12 -3 15 -18 4 2 -8 14. 21 4 5 -5 43 53 4 8 12 4. -2 5 4 0 80 49
3 12 -2 19 -23 4 2 -7 14. 13 4. 5 -4 26 -24 4 9 -10 S• 4 5 4 1 80 103 12 -1 5.• 0 4 2 -6 28 -30 4 5 -3 32 -32 4 9 -9 6• 5 5 4 2 7. -4
3 12 0 28 27 4 2 -5 52 -54 4 5 -2 14. -7 4 9 -b 7• 3 S 3 23 -22
3 12 1 5. -16 4 2 -4 76 75 4 S -1 74 83 4 9 -7 Z2 19 5 4 4 7. -14
3 12 2 26 -26 4 2 -3 15• 24 4 5 0 30 39 4 9 -6 14 17 5 A. S e6 133 12 3. 31 44 4 2 -2 15• -11 4 5 1 22 12 4 9 -5 27 24 5 4 6 3• -7
3 12 4 25 30 4 2 -1 146 -146 4 5 2 51 -57 4 9 -4 9. -Z




S C(1) C(2) C(3) C(4) C(5) C(6)levelsmolecular
N(1) C(7) C(8) C(9) 0(1) N(2) C(10)(in )orbital
1 -2.764 0.4090 0.2806 0.1288 0.0754 0.0795 0.1443 0.3194
0.5722 0.2190 0.1341 0.1440 0.0653 0.2250 0.3655
2 -2.078 -0.3710 -0.3569 -0.2813 -0.2276 -0.1918 -0.1711 -0.1637
0.2347 0.2447 0.2916 0.3743 0.2777 0.2933 0.0887
3 -1.929 0.5435 0.1011 0.0204 -0.0617 -0.1395 -0.2072 -0.2602
-0.4946 -0.1947 0.0184 0.2774 0.2390 0.3272 0.1899
4 -1.727 -0.2971 0.0933 0.2862 0.4010 0.4061 0.3004 0.1125
-0.2492 -0.0057 0.1724 0.3376 0.3717 0.1306 -0.1775
5
-1.127 0.1508 0.2956 0.1580 -0.1176 -0.2905 -0.2097 0.0543
-0.0310 0.3262 0.3566 0.0476 0.3012 -0.5082 -0.3660
6 -1.026
-0.0135 0.0738 -0.2938 --0.3754 -0.0915 0.2815 0.3804
0.0439 -0.3406 -0.3497 0.0175 0.5306 -0.0918 -0.0658
7 -0.823 -0.3043 0.1736 0.4624 0.2069 -0.2921 -0.4473 -0.0760
0.2639 -0.2311 -0.3648 -0.0511 0.2311 0.1014 0.0839
8
-0.701
-0.2838 0.3793 0.1195 -0.2956 -0.3266 0.0667 0.3733
-0.2305 -090473 0.1375 0.1649 -0.4407 0.3444 -0.0958
9 0.603
-0.1747 -0.0738 0.1615 -0.1712 -0.0582 0.2064 -0.0663
-0.3002 0.4701 -0.0395 -0.5481 0.2735 0.1474 0.3855
10 0.962
-0.0568 -0.2871 0.3114 -0.0125 -0.2993 0.3005 0.0102
-0.0291 -0.3825 0.3558 0.0873 -0.0356 -0.3757 0.4620
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0.0999 -0.0436 0.4400 -0.4383 0o0401 0.3943 -0.4721
1.09511
0.3081 0.0776 -0.2286 0.1834 -0.0700 0.0609 -0.2805
0.2301 -0.4677 0.0895 0.3653. -0.5074 0.2151 0.26131.14412
-0.0579 0.2229 -0.1897 -0.0314 0.0117 0.1973 -0.2929
-0.1004 0.0830 -0.0921 0.0824 -0.0560 0.0182 0.0233108013
-0.1788 .0.3828 --0.4952 0,5207 -0.1490 -0.3707 0.3306
-0.0926 0.4390 -0.3866 0.3622 -0.3641 0.3924 -0.44922007314
0.1245 -0.0814 0.0627 -0.0450 0.0117 0.0274 -0,0256
S C(1) C(2) C(3) C(4) C(5) C(6)Charge densities
1.769 0984 1,035 10014 1.025 1.022 1.004
N(1) C(7) C(8) C(9) 0(1) N(2) C(10)
1,630 0.848 1.069 0.768 l.793 l.313 0.727
S C(1) C(2) C(3) C(4) C(5) C(6)Free valences
0.977 0.176 Oo421 0.402 0.402 0.421 0.182
N(1) C(7) C(8) C(9) 0(1) N(2) C(10)
0.548 0.503 0.425 0.150 1.243 0.500 0.197
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